TRUONG DAI HOC BACH KHOA HA NQI 

BO MON CONG NGHE CAC HOP CHAT VO CO 

nguy£n hoa toAn 

LE THI M AI HUONG 












TRlTCJNG DAI HOC BACH KHOA HA N0I 
BO MON CONG NGH$ CAC HOP CHAT V6 CO 

nguyIn hoa toan 

LE THI MAI HUONG 


CONG NGHE CAC HOP CHAT 

m * 

v6 CO CUA NITO 

(CONG NGHIEP DAM) 



NHA XUAT BAN KHOA HOC VA KY T1U AT 
HA NOl 



LCfl NOI DAU 


Tai lieu “Cong nghe cac hdp chat vo co cua nita ”, noi dung chu you 
trinh bay: Cong nghe tong hdp amoniac - mot hdp chat cct ban cuat nitd, 
nguyen lieu quan trong nhat cho san xuat phan bon hod hoc vdi nguyen to 
dinh ditdng la nitd vd phan sau do trinh bay cong nghe che tao cac loai 
phan nitd. 

Md rong ra, chung toi trinh bay them cac cong nghe thu'dng gan lien vdi 
amoniac, phan nitd nhit axit nitric, metanol. 

Ve ten goi tai lieu, da co mot thdi ky dai dung cum tit u Co dinh azot" vd 
theo thoi quen thitdng dung tit “ Dam", “Co dinh Dam", “Phan Dam". 

Theo thuat ngit Hod hoc tarn thdi cua Ban Bien tap Hod hoc (thuoc 
Trung tdm Bien soan “Tit dien Bach khoa Ha Noi") chung toi dung tit nitd 
vd ten tai lieu nhit tren, song chieu co den thdi quen, co ghi chu them tit 
“Dam". 

Tai lieu bien soan tren cd sd gido trinh chuyen nganh “Cong nghe hod 
hoc cac hdp chat vo cd' cua Tritdng Dai hoc Bach khoa Ha Noi. 

Ddi titdng sit dung la cac sinh vien nam cudi thuoc chuyen nganh tai 
cac tritdng Dai hoc vd Cao dang. Co the dung lam tai lieu tham khao cho 
cac can bo ky thuat, khoa hoc, quan ly trong linh vile lien quan. 

Rat mong nhqn ditdc nhitngy kien dong gop de co the sita chita vao cac 
dip tai ban sau. 


Cac tac gia 
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M 6 DAU 


Hop chat v6 co cua nito r£t da dang, quan trong nhat la axit nitric - mot loai axit trong 
danh muc clc loai hoa chat co ban va phan bon h6a hoc gdc nito, la quen goi la “phan dam". 

Axit nitric (HNO-,) la mdt san pham trung gian trong qua trinh che' tao mdt sd loai 
phan dam, d6ng thdi cung la mdt hoa chat co ban, dung lam nguyen lieu trong qua trinh san 
xua't mdt loat hoa pham khac. 

Phan dam cung cap nito cho cay trdng; nito la mdt trong ba nguyen td dinh duong chu 
yeu cho cay tr6ng N, P, K, ben canh 3 nguyen 1 6 quan trong khac cay trdng lay tir thien 
nhien C, H, O. 

Sau nguyen t6' nay thudc loai cay trdng can vdi mOt lirpng ldn nguyen td dinh duong 
chu yd'u, da lupng. 

Ben canh con nhOng nguyen td dinh duong loai thur ca'p - dung vdi lupng l't hctn: Ca, 
Mg, S va nhung nguydn td vi lupng can cho cay trdng nhu: B, Cl, Cu, Fe, Mn, Mo, Zn... tuy 
nhu c4u cua cay trdng vk chung loai dat trdng, bd sung dudi dang phan bon hoa hoc. 

Tdng hop NH ? la co so cua cdng nghidp dam. NH^ vua la san pham trung gian trong 
qua trinh che' tao cac hop cha't vd co cua dam vtra la san pham cudi cung. 

Cdng nghe tdng hop NH3 dupe dua vao sir dung trong quy md cdng nghiep mdi dupe 
chimg mdt thd ky. Song do nhu cau ldn ndn v6 co ca'u nguydn lidu, vd day chuyen va thie't bj, 
vd quy trinh quy pham, vd hd thdng dieu khien didu chinh qua trinh san xua't v.v... deu da co 
nhung thay ddi to Ion. 

Vd nguydn lidu: qua trinh tong hop NH S dung nguyen lieu chinh la khi nito va hydro. 

Ngudn goc nito duy nha't va vd tan la khdng khi. 

Ngudn hydro chu yeu dua vao hoi nude H 2 0, va cac loai hop cha't cua cacbua hydro; 
pha lien ket cua H 2 0, cua C n H m tach ra hydro. Gia thanh H 2 chidm 70% gia thanh cua NH V 

Trudc day khoang nira thd ky, nguydn lidu chu yeu la than cac loai va than cok. Dung 
than d nhiet dd cao, pha lidn kdt cua H trong hoi nude. 

Khoang gan cudi thd' ky trudc, theo vdi su phat tridn cua cdng nghidp khai thac, che 
bid'n khi thidn nhidn va ddu mo ngudi ta chuydn sang sit dung cac loai nguydn lieu nay - pha 
lidn kd't hydro trong cacbua hydro dd hctn so vdi trong H 2 0; dau tu tha'p, tidu hao nSng lupng 
tha'p, nha't la loai cacbua hydro phi didm tha'p. 

Nhung sd lidu sau day minh chutig cho xu the do (tuy chi co gia tri tham khao). 
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Nguon nhien lieu (nguyen lieu) 


Khi thien nhien 

Naphta 

D3u nang 

Than 

Bau tu co ban (lay khi thien nhien lam chuan de so sanh) 

1,00 

1,15 


2 

Tong nguyen lieu lieu hao (Gcal/tan NH 3 ) * he 1500 tan/ngay 

7,0 

7,6 

8,5 

9,8 


GSn d4y do gia khi thien nhien, d£u tang cao; tru lirgng d£u mo lai han hep trong khi 
luong khai thac va sur dung lai qua ldn, ngay cang tang; trO luong than lai ldn cho nen nhieu 
nude lai quan tarn quay trd lai vdi than, vdi d^u n5ng. 

S6 lieu thdng ke v6 co ca'u nhien lieu trong san xua't NH-* ciia the' gidi trong 30 nam 
qua co tha'y didu do (6 day dimgtir nhien lieu - dong nghia vdi nguyen lieu chrnh) 


Loai nhien lieu 

Cocau nhien lieu, % 

Nam 1971 

1975 

1980 

1985 

1990 

2000 

Khi thien nhien 

60 

62 

71,5 

71 

69,5 

68 

Naphta 

20 

19 

15,0 

13 

8,5 

6,5 

D£u FO 

4,5 

5 

7 

8,5 

10 

12 

Than 

9 

9 

5,5 

6,5 

7,5 

10,5 

Nhien lieu khac 

6,5 

5 

1 

1 

4,5 

3 


Tuy vay 50% co sd di tir than ia cua Trung Qu6c, phin nira la d An E>6. Song cung con 
tuy tinh trang nguyen lieu cua cac nude di xac dinh hudng di cho edng nghiep dam. 

Dudi day de cap den cac phuctng hudng san xuat nguyen lieu cho tdng hop NH-,: khi 
N 2 va khi H 2 . 

1. Cong nghe che tao khi N 2 

Cong nghe lam lanh sau, phan ly khdng khi l&'y N 2 . San pham song hanh vdi nito la oxy, 
ngoai ra con co the la'y cac khi tro: Ar, Kr, Xe, Ne; hoSc la'y ca heli. 

2. Cac cong nghe che tao hon hop khi nitd va hydro 

Ngoai phuctng an che' tao rieng re nito va hydro, sau do hdn hop thanh he H 2 va N 2 vdi 
ty le xac dinh, phuctng an thudng dung la cOng nghe khi hoa than, dung h6n hop hoi nude 
vdi khdng khi hoac khdng khi giau oxy phan ting vdi than d nhiet dd cao. 

3. Cac cong nghe che tao hydro 

1- Cdng nghe di6n phan nude - danh rieng cho nhung nude didn nang gia re. 

2- Nhung cdng nghe di tir than (than nflu, than da, than cok) goi la cdng nghe khi hoa 
than; dung hoi nude, hoac hdn hop hoi nude vdi oxy phan ting vdi than d nhiet dd cao. 


6 


































3- Nhtfng edng nghe di tir ngu6n khf thifen nhifen, hoac nhung khf thai giau metan. 
Hoic diing hoi nude; hoac dung oxy, oxy hoa khdng hoan toan trong su co mat cua xuc tac 
(hoac khong xuc tac - dudi tac dung cua nhiet) chuyen metan thanh H 2 va CO va sau do tu 
CO san xua't tiep hydro. 

4- Nhung cong nghfe dung bifen phap lam lanh sSu tach hydro khoi hdn hop khf giau 
hydro nhu: khf noc 16 cok; khf thai trong qua trinh chung dau mo, qua trinh san xuit etylen, 
qua trinh difen ph4n dung dich mudi chfe tao NaOH. 

5- Nhung edng nghe di tir cac san xuat cac san ph^im dau mo; cac loai cd phi diem 
thap nhu khf hoa long (LPG) vdi thanh phan chfnh la butan, propan; phf difem cao hem nhu 
naphta (trong mien 40 + 130°C, vdi phfen tir luqng binh qufen 88 va ty lfe nguyfen tir H : C = 
2,23 - tuong ductng 84,4% va 15,7% hydro); cao hon nua nhu dau nang co phf diem cao hon 
naphta nhu dau nhien lifeu FO, diu diezel, dfiu can... 

Tuy tinh hinh dac difem cua nhifen lieu, hoac dung phuong an khf hoa nhifen lieu long 
rdi focming xuc tac trfen H 2 O, hole oxy hoa khdng hoan toan hoic cd mat hoac khdng co 
mat xuc tac nhu doi vdi edng nghfe di tir khf. 

Nhung edng nghe di tir than, ciing nhom vdi cac cong nghe chfe bifen khac tir than: cok 
hoa than; tdng hop nhifen lifeu va cac hop chat huu co co ban dang khf hoac long tir than bang 
phuong phap gian tifep hoac true tife'p hydro hoa than, duqc xep chung vao mdt nhom nganh 
Idn “hoa hoc than”. 

Nhung cong nghfe tuong tu doi vdi d5u mo, khf thifen nhien, xfep vao nhom nganh “hoa 
hoc diu mo va khf thifen nhifen”. 

Tai lieu nay dfe cap dfen nhung edng nghfe dupe dung rong rai nhat trong edng nghiep 
“dam”. 

Cd the tha'y: Dfe chfe tao phfen “dam”, ngudn “dam” van la nito trong khdng khf - mdt 
nguyfen td “tro”, d dang “tu do”, Bang edng nghe thfch hop chuyfen nito d dang tu do sang 
dang hop chit, dang nito cd' dinh trong mdt lifen kfet hoa hoc. Bdi viy thudng goi day la cong 
nghfe cd djnh nito, nhat la trong cac tai lifeu cu. 

Tai lifeu dupe bifen soan nhu mdt giio trinh mdn hoc ky thuit cong nghifep danh cho 
cac hoc vifen bic dai hoc thude nganh “ky thuit hoa hoc”, va cung co thfe dung lam tai lifeu 
lham khao cho cac can bd ky thuit trong nganh. Cung do viy ndi dung trinh bay dat nang d 
phin nhung nguyfen ly hoa ly co ban cua edng nghfe; nhe hon d phSn nhung vin de cu thfe 
cua san xuat nhu ci'u true day chuyen, thifet bi, nhung khdng chfe ky thuat cu the. 
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Chirong I 

CONG NGHE KHI HOA THAN 

4 

I. m6t s6 VAN CHUNG 

1. Phan loai c&ng nghe 

Khf hoa than la qua truth dttng oxy (hoic khdng khf, hoac khdng khf giau oxy, ho5c 
oxy thudn, hcri nude ho5c hydro, noi chung goi la chit khi hoa, phan ung vdi than d nhiet dd 
cao chuyen nhien lieu tir dang ran sang dang nhien lieu khi; nhien lieu nay duoc gpi chung 
la khf than vdi thanh ph£n chay ducrc chu yeii la CO, H 2 , CH 4 ... dung lam nhien lieu khf dan 
dung, trong edng nghiep. Trong tai lieu nay, chu ye'u de cap den llnh vuc su dung lam 
nguySn lieu cho tong hop NH 3 , tdng hop CH 3 OH... 

Co thd tom tat so dd cua cac qua trinh khf hoa than duqc sir dung phd bie'n hien nay 
nhu sau: 

a. Khf hoa than udt lien tuc tu cung cap nhiet, san ph£m chfnh la H 2 , CO 


than 



XI 


b. Khf hoa than udt cung ca'p nhien lieu ttr ngoai 


than 
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c. Khf hoa than am tu cung nhiet (nd'u bd sung oxy), cung nhiet ttr ngoai (neu khong 
bd sung oxy) 


than 



xi 



e. D^y chuydn che tao khf thay thd' khf thien nhien kdt hop khf hoa than bang hoi nude 
bd sung oxy vdi hydro hoa. Ho&c cung co thd tach khau hydro hoa than khoi day chuydn bang 
each khi hoa tr£n chat khi hoa la hoi nude vdi oxy, sau do chuydn hoa tren xuc tac tao CH 4 


than 



xi 


Trong pham vi che' tao khi than cho tdng hop h6a hoc - chu ydu dung day chuydn (a) 
hoSc (b), che tao khi CO, H 2 sau do chuyen thanh H 2 trong phan ung chuydn hoa. Ta duoc 
khi than gdm H 2 (khi than udt); hoac day chuyen (c), chd tao khi than dm vdi hdn hop khf 
H 2 va N 2 . (khf than <im) - cung cdp nguydn lieu cho tdng hop NH 3 ; hodc dung d 6 che tao 
hdn hop khf vdi ty le C0/H 2 0 xac dinh. Phuc vu cho tdng hop metanol. 
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Tuy chat khf hoa, qua trinh khi' hoa, ta c 6 the thu dirqc nhirng hPn hop khf, thanh phan 
chu ye'u la CO, C0 2 , H 2 , N 2 vpi nhiet trj khac nhau. Vf du khi nhien lieu co nhiet tri khoang: 
9,6 - 5 - 6,7 MJ/m , cho tdng hop: 5 - 4-6 MJ/m''; lam nhien lieu cho luyen kim: 8,4 4 - 12,6 
MJ/m‘, khi metan t 6 ng hop: 25 + 38 MJ/m ... (con goi la khi thien nhien tong hop). 

Dumg v 6 thanh ph£n khf san pham, thuPng co cac loai sau: 

- Khf nguyen lieu cho tong hop NH^ H 2 : N 2 = 3 : 1 

vPi thanh phan: CO + C0 2 < 10 ppm 

CH 4 < 0,5% th i tfch 

- Khf nguyen lieu cho tong hop metanol: H 2 : CO ft 2 

(H 2 - C0 2 ): (CO + C0 2 ) * 2 

- Khi nguyen lieu cho tdng hop hoa hoc: H 2 : CO = 1 

- Khf nguyen lieu hydro cho hydro hoa: H 2 = 95 -4- 98% 

CO + C0 2 < 200 ppm 

N 2 + CH 4 = 2 -4- 5% 

- Nhien lieu dang khf cho luyen kim: H 2 + CO ft 95 - 4 - 98%; H 2 : CO = 3,5 

C0 2 + H 2 0 < 3% 

(H 2 0 + CO 2 )100 / (H 2 + CO + C0 2 + H 2 0) = 5-4-10 

- Khf nguyen lieu cho tPng hop metan: (H 2 + C0 2 ) / (CO + C0 2 ) = 3 

- Khf nguyen lieu cho tPng hop cacbua hydro: H 2 / CO = 0,5 -4- 2 

Tuy thanh phan chat khf hoa, co cac loai: chat khf hoa la H 2 0 hoac H 2 0 co b 6 sung 
oxy, co khf than trot; chat khf hoa la H z O va khong khf (hoac kh 6 ng khf co b 6 sung nito), ta 
co khf than am; hoic chi co kh 6 ng khf, ta duqc khf than kh 6 ; hoac chi co hydro ta dupe khf 
thay the' khf thien nhien - loai khf thien nhien tdng hop. 

DPi voi mot day chuyen khf hoa nguoi ta quan tarn den hieu suat khf hoa, cho du dimg 
lam nhien lieu hay khf tong hop. 

Hieu suit khf hoa dupe dac trung bang lupng nhiet thu dupe khi dot chay hoan loan 
the khf thu dupe, so vPi lupng nhiet toa ra khi dPt toan bp nhien lieu ran dung de san xuat ra 
lupng khf do. 


Vf du dung 1 don vi khoi lupng than co nhiet tri la Q t thu dupe mpt the’ tfch khf than 

V. Q 

la V, nhiet tri cua khf la Q„ (con goi la nhiet the cua khf), hieu suat khf hoa q, ---. 


(V thuong tfnh theo khf kh 6 ). 

Cung con mpt each tfnh khac: hieu suift nhiet, bang tPng nhiet trong khf mang ra so 
vdi t 6 ng nhiet mang vao. Vf du: 
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r| 2 = 


V.Qj, + Q 5 + (Q 6 + Q 7 + Q X )K 
Ql + 0i + Q 2 +Ch + Q 4 

Q, .Q 2 .Q 3 .Q 4 - phan nhiet ly do than, hdi nude, khong khi mang vao 16 khi' hoa va 
nhfrng ngudn khac; 

Q 5 . Qfi . Qi > Qx ■ phan nhi£t ham cua dau cok thu dude d dinh 16 sau ngung tu, nhiet ly 
cua khi than khd, phan hdi nude, phan cac dan cok trong khi than - chua ngung tu het; 

K - he sd thu hdi nhiet qua h£ thong giam nhiet do (vi du: tu ndi hdi nhiet thtra), so 
vdi tdng nhiet mang ra. 

2. Nhumg thong so dac trimg cho than, sur dung trong cong nghe khi 
hoa than 

Thudng quan tam den cac th6ng s6 chu yeu sau: 

a. Thanh phan than: Trong than thudng gdm cac nguyen to, sap xep theo trat tu sau: 

- Thanh phan hQu ca trong than (ky hien: O): gdm cac nguyen td C, H, O, N va luu 
huynh huu cd - tfnh theo % khdi luqng goc huu cd. 

- Thanh phan chay trong than (ky hidu: C): gdm cac nguydn td ke’ tren va S d dang 
sunfua kim loai - ti'nh theo % khdi luqng goc chay. 

- Thanh phan khd (ky hieu: k): gdm cac nguyen td ke tren edng vdi xi: A - ti'nh theo % 
khdi luqng goc khd. 

- Thanh ph5n am hay thanh phdn lam viec (ky hidu: /): bao gdm thanh phdn khd, cong 
vdi ham a’m trong than, W - t(nh theo % khdi luqng goc udt, hay day chmh la thanh phan 
than dua vao khi hoa. 


Moi quan hd chuyen ddi nhu sau: 


Thanh ph3n 

Hd sd chuyen doi 

L 

K 

C 

0 


TP 13m vide (1) 

1 

100 

100 

100 1 

100 - w' 

1 

5 

1 

0 

0 

1 

'co 

1 

0 

0 

TP kh6 (k) 

100-w 1 

1 

100 

100 

100 

100 - A k 

100 - S k - A k 

TP chay (c) 

100-W' -A f 

100-A k 

1 

100 

100 

100 

100-s' 

TP hGru co ( 0 ) 

100 -s 1 -w' - a' 

100 

100-S k - A k 

100 

100 - s c 

100 

1 


b. Nhiet tri cua than: Chi luqng nhiet toa ra khi dot chay hoan toan mot don vi khdi 
luqng than. Tfnh theo edng thde cua Mendeleev: 
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Co nhiet tri a mure cao: Q, = 81C / -300H / -26(o ; -S^] 4,187 kJ/kg 

Vadmu-c thap: Q 2 = 81C / -246H' -26\p‘ -S 1 )-6^' +9 1 1 4,187 kJ/kg 

c. Kich thurdc than: Chi kich thude cue than dua vho 16 true tid'p anh hudng tdi trd 
luc, qua do anh hudng tdi chd dd hoat dong cua 16 khl hoa. 

d. Ctrtmg do cua than: Chi dd ben ca hoc, nham tranh vd vun trong qua trinh van 
chuy^n than va dua vao 16. 

e. Do on dinh nhiet: Chi kha nang bi vS vun khi dua tir miln nhiet do lha'p vao miln 
nhiet cao trong 16. 

g. Xi tro va nhiet do nong chay cua xi: Cac mudi v6 cc( trong than qua qua trinh khi 
hoa than, chuyen sang dang xi vdi thanh ph<in chit yfe'u la SiO z , Fe 2 0^, A1 2 0, CaO, MgO, 
Na 2 0, K 2 0... Hd xi nay, umg vdi mdt thanh phan nhait dinh, co mdt nhiet do nong chay nhat 
dinh - chinh nhidt dd nay quydt djnh nhidt do trong 16 lam vise khi' hoa. 

h. Hoat tinh cua than: Chi hoat tlnh hoa hoc cua than, thudng dac trung qua toe do 
phan ting giua mot trong cac thanh phSn C0 2 , H 2 0 vdi than, thd hifin qua h6 so phan huy 
cua chung (a^ hoac a H2 o) trong mdt di£u kidn xac dinh. 

Hinh 1.1 cho ta mot su so sanh ve hoat tmh cua cac loai than vdi kich thude hat 0,1 -s- 0,2 
mm dudi ap suit 1 MPa. 

X 

CD 



NhiSt dd, °C 

Hinh 1.1. Cac chi s6' cho biet thanh phan % chat bde - theo tdng so gdc chay 
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3. Cong nghe chuan b| nguyen lieu cho tong hop NH 3 tCr khi hoa than 

Co thd hinh dung til than d£n nguyen lieu H 2 + N 2 , cung cap cho qua tinh tdng hop 
NH 3 , day chuydn trai qua nhung budc chinh sau: 


C0 2 



H 2 0/+0 2 

Hoac than khi hda bang ch£t khi hoa gdm hoi nude va khdng khi (hoSc khdng khi giau 
oxy), chuyen thanh nhidn lieu khi; qua khu cac hop chat cua luu huynh - chit ye'u la H 2 S, 
chuydn hoa CO trdn xuc tac vdi su co mat cua hoi nude; qua khu bo C0 2 ; qua khu bo CO, 
ddi khi con tie'p tuc qua khu vi luong CO, C0 2 roi vao t6ng hop NH 3 . Hoac dung chat khi 
hoa gdm hoi nude va oxy, san phdm chu y£u la H 2 va CO, sau do tie'p tuc khu tap chat nhu 
day chuyen trdn. 

B6n canh do co mOt tram phan ly khdng khi, san phim nito ti£p tuc hoa long phun vao 
thap rura CO, mOt mat tach CO, mot mat bo sung N 2 vao khi H 2 , trd thanh hOn hop nguyen 
lieu cho tdng hop NH 3 . 

4. Nhumg phan urng cd ban trong qua trinh khi hoa than 

Trong khudn kho cua qua trinh che' tao khi nguyen lieu cho tong hop NH 3 , d day chi 
de cap den qua trinh sir dung chat khi hoa la khong khi hoac khdng khi giau oxy, hoi nude. 

Qua trinh khi hoa than di£n ra song song hai loai phan ung, phan ung he khdng ddng 
nha't khi rSn - giOa than va chit khi hda; phan ung he ddng nh£t - chu y£u la giura san phim 
thd khi cua qua trinh khi hoa. V& cung thudng chi xet d£n phan img vdi nguyen td chu ye'u 
trong nhidn lieu: cacbon. Trong qu5 trinh khi hda, than trai qua hai giai doan: chung kho va 
khi hda. Qua trinh chung khd than didn ra duqc coi nhu giai doan chuan bi - n^ng nhiet dd 
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cua than tir nhiet dd thudng tdi nhidt dd vting phan irng. Ngudi ta khong quan tam den cac 
phan irng hoa hoc xay ra o day. Thudng xay ra cac qua tr'rnh sau: 

Qua trinh sky: bay hoi nude. 

Qua trinh chung kho: 6 day 50% oxy nguyen to trong than ket hop vdi H 2 tao thanh 
hoi nude. Phin oxy tao thanh C0 2 : tuy thude loai than, vdi than gd: 30%, than beo 20%, 
than da antraxit va cok 10%. 

Vdi hydro: tham gia tao thanh C 2 H 2 la 3 + 5%. 

Vdi nito: toan bo nito nguyen td tao thanh phan tir nito. 

Vdi sunfua: 80% sunfua chuye’n dang dang H 2 S, con 20% lint lai theo xi. 

Vdi hydro: phan hydro con lai sau phan ling hinh thanh H 2 0, CH 4 , C 2 H 2 , II 2 S, chuyen 
thanh hydro phan tu. 

Vdi oxy con lai: se phan ung vdi than tao CO. 

Vdi loai than antraxit, than cok... co thd bo qua cac axit hiru co, ruou. 

Ket qua cua cac phan ting tren tao thanh kin san pha’m cua giai doan chudn bi. cong 
vdi san phim cua giat doan khl hoa, ta dupe khi than. 

Ngudi ta khong can quan tam den tdc dd cua cac phan ung nay. Vi trong 16 khi hoa 
dmu c£n khdng chd ciia giai doan nay la qua trinh truyen nhiet tit khi san pham khi hoa den 
cue than. 

Qua trinh khi hoa la qua trinh co ban. Hang loat phan dug xay ra trong giai doan nay, 
song chit ydu lk cac phan dng so cap. Co the coi nhu chu yen bao gdm cac phan img giQa 
cacbon va oxy: 


c + o 2 = co 2 

+ 394.1 kJ/mol 

( 1 ) 

2C + 0 2 = 2CO 

+ 110,4 kJ/mol 

(2) 

Giua than va hoi nude: 



C + H 2 0 = CO + II 2 

- 135,0 kJ/mol 

(3) 

C + 2H 2 0 = C0 2 + 2H 2 

- 96,6 kJ/mol 

(4) 

Nhung loai phan ting thtr cap cua san pham cac 

phan irng so ckp: 


2CO + 0 2 = 2C0 2 

+ 283,7 kJ/mol 

(5) 

2H 2 + 0 2 = 2H 2 0 

+ 245,3 kJ/mol 

( 6 ) 

C0 2 + C = 2CO 

+ -173,3 kJ/mol 

(7) 

CO + H 2 0 = C0 2 + h 2 

+ 38,4 kJ/mol 

(8) 

C + 2H 2 = CH 4 

+ 84,3 kJ/mol 

(9) 

2 CO + 2H 2 = CH 4 + C0 2 

+ 274,4 kJ/mol 

( 10 ) 
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Ngoai ra con nhiiu phan irng phu - dang quan t&m la nhnng phan ling: 

+ H 2 = H 2 S +20,1 kJ/mol 

2C + H 2 + N 2 - 2HCN - 131,05 kJ/mol 

va nhQng phan irng lam thay doi thanh phan ciia xi. 


5. Khi than ly tirdng 

Qua tr'inh khf hoa than ly tuong la qua trinh phan itng giua C nguyen chat vdi chaft khf 
hoa de hinh thanh cac thanh phan chay dupe. 

Tritctng hop chat khi hoa la khdng khi. Phan irng nhu sau: 

2C + 0 2 + 3,76N 2 = 2CO + 3,76N 2 
Khi do dupe khi san phtim co thanh phan: 

CO =---= 34,7% va N 2 bang 65,3% 

2 + 3,76 2 


hieu stiat khf hoa: 


283x2 

n = - « 72% 

393,6 x 2 

Luang khf hinh thanh irng veri 1 kg C: 5,39 nr 

901 7 

Nhiet tri ciia khf than - =2193 kJ/m 3 

5,39x2x12 


Vo’i khi than itcn - chat khi hoa la hoi nude. Phan ung nhu sau: 

C + H 2 0 = CO + H 2 - 135 kJ/mol 
Thanh phan khf san pha’m: CO = 50%, H 2 = 50%, hieu sutft T| = 100%. 

Lupng khf hinh thanh = 3,73 m 3 /kg; 

Nhiet tri ciia khf than: Q = 245,3 _ j jgjg ^ kJ/m 3 . 

■ ■ 12x3,73 

Vdi khi than am, chat khi hoa la khdng khi va hoi nitdc. Xay ra hai phan irng d6ng 

thcri: 

2C + 0 2 + 3,76 N 2 = 2CO + 3,76 N 2 + 110,4 kJ/mol 
C + H 2 0 = CO + H 2 - 135,0 kJ/mol 
di tOng hieu ung nhiet bang kh6ng, ty IS 2 phan ung bang 1,636; 

hay san ph£m khi do thu dupe se g6m 3,636 CO + 1,636 H 2 + 3,76 N 2 ; 

thanh phd'n khf se la CO = 40,26%, H 2 = 18.11%, N 2 = 41,63%; 

hieu suit khf hoa q = 100%; 

th6 tfch khf thu dupe = 4,63 m 3 /kg than; 

nhiet tri cua khf than = 7092,7 kJ/m 3 khf than. 
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Vai klu than tfrft, chat khi hoa la hoi nude ■ oxy, ttfdng tu ta thu duoc 3,636 mol CO va 
1,636 mol hydro. 

Thanh phan khi san pham: CO = 68,95 va H 2 = 31,05; 

Luqng khi thu duoc lit 2,71 mVkg than; 

Nhiettri: 12127 kJ/m 3 . 

Nhu v4y nhiet tri khi than thu duoc thi qud truth khi hoa than khd la kem nhai. To't 
nha't la khi hoa than udt pha oxy. 

NhOng so' lieu ve qua trinh khi hoa tudng, chi nhim giup l£y mdt go'c chuan de so 
sanh cac qua trinh khi hoa trong thuc t£ sau nay. 


II. NGUYfiN LV H6A Lf CUA QUA TRINH KHI HOA 


1. Van de can b&ng cua phan tfng 

Wi mat ly thuydt - dua tren cong thtic nhiet d6ng de? tinh hang so can bang cua cac 
phan ung chi'nh trong qua trinh khi hoa. 


Hiu hd't cac c6ng thuc thuc nghiem deu dua tren co sd thi nghiem tren graphit. Tuy 
vay vln co the sir dung de tinh toan n6ng do khi san phdm d trang thai can bang (bang 1.1). 
Thucmg coi nhu he g6m N 2 , CO, C0 2 , H 2 , CH 4 va H 2 0. Co thd dua vao cAc phuong trinh sau 
dl xac dinh thanh pMn can bang nay. 

1- Phuong trinh xac dinh hang s6' can bang cua phan ung: 

2 

C0 2 + C ^ 2C0 Kp, =Pco_ (] ) 

Pco 2 

2. Cua phan umg: 

P rn >P u 

CO + H 2 0 C0 2 + H 2 Kp 2 ~ — H2 - (2) 

Pco-Ph 2 o 

3. Cua phan umg: 

C + 2H 2 CH 4 Kp,=^^- (3) 

Ph 2 


Ba phan ting tren duoc coi nhu phan ting hai chieu chu y£u trong qua trinh khi hoa. 

4. Phuong trinh can b&ng t6ng ap sudt cita he: 

^ = Pn 2 + Poo 2 + Pco + Ph 2 + Pch 4 + Ph 2 o (4) 


5. Ne'u Ph 2 q * Pco 2 a P suat r ^ n 8 ph^ n c ^ a cac cau ^ tircrn g trng trong cha't khi 

hoa, dua vao thiSt bj phan umg va bi£t H 2 0" se phan huy tao H 2 , CH 4 c6ng voi phan chua 
phan huy; 0 2 ° tao thanh C0 2 , CO va mdt phin thanh H 2 0, ta co 
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( 5 ) 


P H 2 Q ^Pch 4 + Ph 2 o + Ph 2 
2 Po 2 + Ph 2 o~ 2p « ) 2 +Ph 20 + Pco 
6. Toan bd nito trong chit khf hda chuyen nguyen ven sang san phim: 


B = 


PNi 


2 Po 2 + Ph 2 o 2pc °2 + Ph 20 + Pco 


( 6 ) 


n n 

Ph 9 o PNi 

Ndu goi p = —— va a=—— va chat khf hoa la khdng khf vdi hoi nude. Ap suit 
Po 2 Po 2 


thdi gid bang ap suit he P, nghia Ik: 


P = Ph 2 o + Po 2 + Pn 2 


(7) 


He phucmg trinh nay cho phep rut ra thanh phin can bang cua he trong quan he vdi 
thanh phan chit khf hda, hoic nguoc lai. Gia tri hang s6 can bang cua ba phan urng trfin co 
the tra theo bang 1.1. Trong trudng hap chuyen ddi dan vi do ludng cua gia tri hang so can 
bang, co th£ gan dung coi nhu khf ly tudng dl ap dung phucmg trinh trang thai khf ly tudng. 


Phucmg trinh cudi cling la: 

p. Pco+ (3p + 2a + 2)pH 2 --Pcx) Ph 2 + (4p + 4a + 4>K pj .p’ =2pP (8) 

K Pl’ K P2 

chon mdt gia tri cua p Hl thay vao phucmg trinh 8, tfnh ra p^, thay vao (1) tim pco 2 , tit (3) 


tim Pch 4 v v ... 

Chfnh xic hem, tfnh qua fougat va 
he s6 fougat; tfnh he so fougat qua ip suit 
ty dd'i va nhiet dd ty dd'i nhu thudng gap 
trong tfnh toan nhiet dong. Trong khao 
sit cic yiu td anh hudng tdi cin bang cua 
phan umg - co th£ tip trung su quan tam 
vao mdt phan ung hai chidu, chidm vai tro 
quan trong nhit trong qui trfnh khf hoi: 
phan ling C0 2 + C 2CO. 

Nguyen nhin do: phan ung (2) xay 
ra 6 mure dd khdng dang kd trong didu 
kien khdng co xiic tic, nhiet dd cao cua 
vhng khf hda; phan ung (3) xiy ra vdi 
mdt tdc dd rit thip 6 ip suit thucmg; 



Hinh 1.2. Anh hudng cua nhiet do va ip 
suit tdi ndng dd CO d trang thii cin bang 
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them nua toe d6 phan dug (2) rit cham; mong mu<5n co ham luong CO cao trong nhom hop 
chat cua cacbon trong khi san pham, boi CO tuong dng vdi H 2 sau phan dng chuyen hoa. 
Nhung tfnh toan dua tren nguydn ly can bang cho ket qua bieu di£n tren hinh 1.2. Day la ket 
qua cho bi£t moi quan he djnh luqng. Nhu vay dung \i mat can bang cua he. n£u coi phan 
dng khd C0 2 tao CO trfin C la phan dng khd'ng ch£ thi nen tan lirqng nang cao nhiet d6 khf 
hoa d£n giori han nhifet do nong chay cua xi. 6 cung m6t gidi han cua nhi£t do, viec giam ap 
la co lpi, mat khac ngan chan duoc phan dng tong hop metan - toe do cua phan dng nay tang 
ty 16 thuin theo do tang cua ap suit khf hoa. 

N6'u qua trinh khf hoa dung chat khi hoa la khdng khf. Day la trudng hop khf hoa che 
tao khf than kho, hoac qua trinh thuc hi6n phan dng nay nham tfch tru nhiet trong 16 khi hoa, 
de roi cung cap cho cac bude phan dng thu nhiSt trong che tao khi than am, khi than udt theo 
ch£ d6 lam viec gian doan - chu ky. Ngudi ta coi nhu qua trinh xay ra hai phan dng co ban 
sau: 


C + 0 2 + 3,76 N 2 = C0 2 + 3,76 N 2 
C0 2 + C = 2CO 

(gin dung coi nhu phan dng giua hoi nude - ham Am trong khong khi va than, hoac cac phan 
dng thd cip khac la kh6ng dang k£). 

Khi do dua vao cac phuong trinh sau: 

Phuong trinh cin bang: 


K P- 


2 

Pco 

Pco, 


Phuong trinh tfnh ty 16 phin tu nito va oxy: 

Pn 2 _ _P’n 2 


= 3,76 


Pco, +0 -5pco Po 2 
p": chi ap sua't rifeng phan trong khong khf 

Phuong trinh u'nh tdng ap: 

P = Pco 2 + Pco + Pn 2 


( 1 ) 


( 2 ) 


(3) 


Tu (1) (2) - (3) cho phep tfnh thanh phan cua CO d trang thai can bang phan dng: 


4,76p co 

K„ 


+ 2,88p co - P — 0 


Trong thuc te, thudng chon didu ki6n de thuc hi6n phan dng den n6ng do cac ciu tu 
dat 80% ndng d6 c&n bang. 
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2. Van de dong hoc cua phan timg 

Thuc ra trong quti trinh khf hoa, quan trong nha't la nhting phan ting chfnh, khong che' 
chat li/png qua trinh khf hoa - phan ting he ddng nha't khf - r£n. Nhu vay, theo quy luit 
chung, qua trinh phan ting hoa hoc, qua trinh truydn nhiet, truydn chit deu anh huong den 
tdc dd cua quti trinh khf hoa. 6 day xet mpt sd phan ting chfnh. 

2.1. Phan umg chay cua than vdi oxy 

Ngay tu nhOng ke't qua diu tien nghien cuu phan ting giiia oxy va than gd, Rhead & 
Wheeler (1910) da dua ra mdt gia thidt v£ co ch£, ma cho tdi nay v5n dupe chap nhan. Do la: 

Trudc hdt than ha'p phu oxy tao thanh hop chat trung gian (HCTG): 

xC + 0 2 = C x O y 

Sau do tuy dieu kiftn phan ling, HCTG phan huy thanh san phirm: 

C x O y = mC0 2 + nCO 

Ty le m/n thay ddi theo nhiet dd phan huy; nhiet do cang cao ty le nay cang nho. Phan 
ting ntim trong midn khdng che cua qua trinh truydn chat - toe do qua trinh phan irng phu 
thuoc vao he sd khudeh tan ddi luu (phan ting trong ddng chay) va ndng dd cua oxy trong 
pha khf (d day ndng dd oxy tren bd mat bang zero do phan ting mot chidu). 

Trong midn 1000 ~ 1100°C co the tfnh tdc dd phan ting theo: 

dC . ,, 

r c -k 0 g .C 0 g 

trong do, k 0g : he sd chuydn khdi cua oxy qua mang trd lire pha khf - co the tfnh theo cac 
cong thuc chuydn khdi he khf ran. Vf du qua chuin sd J D cua chuydn khdi va J H cua truydn 
nhiet, va quan he J D = J H ; 

C 0g : ndng do oxy trong pha khf. 

Trong thuc t£ phan ting khf hoa 6 midn nhiet dd 1000 ~ 1100°C, tien hanh rat nhanh. 
Trong 16 Idp sdi co the bo qua anh hucmg cua tdc do cua phan ting nay. Trong Id ting cd 
dinh, phan ting didn ra tren mdt tting than rat mong cd trdn 100 mm d£n 200 mm; ting oxy 
hoa nay lien kd vdi ldp xi tren mu gio (tuong ting vdi kfch thude hat than cd 50 + 60 mm). 

2.2. Tdc do phan umg chuyen hoa C0 2 tren than 

C0 2 + C 2CO-Q 

Tren 800°C, tuy loai than, song noi chung phan ting nay deu xay ra ro net, va quyet 
dinh chat lupng khf than. 

Ket qua nghien ctiu phan ting ct ap suat 40 at cho tha'y: trude he't C0 2 phan ting vdi 
trung tarn hoat tfnh cua than, hinh thanh hop ch£t trung gian: 
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C n + C0 2 —► CO + C(O) 

C(O) =^= CO + C„ 

C0 2 + C(CO) —► 2CO + C(0) 

CO + C(CO) — ► co 2 + c„ 

Cd chfe co th£ khac nhau, song v4 cd ban moi nghiftn ctiu deu thong nhi't: qua trinh 
hap phu C0 2 tren trung tim hoat tinh la cham nhait. Va qua trinh hap phu d day theo phuang 
trinh hip phu dang nhifet Langmur. 

Nhu viy co the tinh tdc dd phan ting qua phirdng trinh: 

r = k.poo,.- 

1 + k 2 Pco + ^?Pco 2 

trong do k: hang s 6 tdc dd phan unrig hoa hoc - tinh theo phircfng trinh Arhenius; 
k 2> k 2 : hang s6' trong phuong trinh hap phu ding nhifet CO va C0 2 . 

Gin day cung co mdt sd c6ng trinh nghifen ctiu gidi thifeu phuong trinh thuc nghifem 
tmh toe dd phan ung: 

r = k.C‘.pco 2 

.trong do c" chi trong luong than con du, chua phan ting hfe't. Dfe co th£ hinh dung difen bidn 
cua phan ting nay, cung nhu nhung yfe'u td anh hucmg tdi phan ting, co thd coi kfe't qua thi 
nghifem sau: 

Thi nghifem thti nhti't (hinh 1.3) gidi thifeu kfe't qua thi nghifem di£n bien cua phan ting 
trfen cac Ioai nhifen lifeu, nhifet dd khac nhau, vdi di6u kifen khi nguyfen lifeu la C0 2 nguyfen 
chit. Thi nghifem thti hai (hinh 1.4) tifen hanh trfen than gd vdi h6n hop khi thdi gio cd ndng 
dd C0 2 khac nhau, (lupng than 24 g, kich thude hat 2 + 3 mm, tifeu thu C0 2 : 0,35 lit/ph). 



Hinh 1.3 



Hinh 1. 4 
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3. Toe do cua phan umg giura H 2 0 va than 

Cung nhu vdfi phan ting he khi' ran n6i chung, gitia H 2 0 (khi) va C (ran), trtrdc hdt 
phan urng qua giai doan hap phu: 

C + H 2 0 =£= C(H 2 0) 

Sau do san pha’m hap phu (hop chat trung gian) phan huy thanh san pham: 

C(H 2 0) C x O y + H 2 
C x O y + h 2 o ^ H 2 + CO 

Cung nhu vOi C0 2 , 6 day hiu het cac c6ng trinh nghien cuu d£u cho bie't qua trinh ha'p 
phu la cham va tuan theo phuong trinh ha'p phu dang nhiet Langmur. 

Khi do: r = k.p H _ 0 .---- 

2 l + k2PH 2 o + k,p H2 

4. Phan umg giura hydro va than 

Phan ting nay tro nen quan trong trong qua trinh khi' hoa than, tao khf thay the khi 
thifin nhifin nhlm tao nhien lieu long theo dudng gian tidp, hoac gia cong tie'p thanh cac hdp 
chat htiu cct co ban. 

Qua trinh phan ting gdm m6t loat phan ting tieh hanh ndi tie'p hoac song song, thucmg 
d£u cho ring phan ting qua cac giai doan: a) Than bi nhiet phan, mot phan thanh trung tarn 
c6 hoat tinh, m6t phin theo cac hop chat bay khoi than dudi dang hoi. b) hydro phan ting vdi 
ca 2 dang than a'y. c) hydro ti£p tuc phan ting vdi ph£n than tro - chua bi hoat hoa; buefe (a) 
(b) co the coi nhu tien hanh song song voi toe do cao, dac biet d 1000"C. Toe do phan ting 
tinh theo phuong trinh ddng hoc: 

a PH 2 

r ~ l + b.PH 2 

Trong phan ting khi hoa than cho tdng hop co ban, phan ting nay diln ra vdi m6t ty le 
khdng dang k£. Mdt phan ting quan trong hinh thanh metan la phan ting thti cap gitia CO va 
H 2 . Phan ting nay xay ra trong khu vuc chung kho than. 

Trong qua trinh khi hoa than, m6t loat phan ting gitia cac nguydn td trong than vdi 
nhau. Nhting gia thidt neu 6 muc 4 trang 13, chang qua chi la nhting so lieu dua tren kinh 
nghiem thuc td san xuat ma H. H. JD(o6poxoTOBa neu lfen de dua ddn mdt ket qua g^n dung 
trong qua trinh chung khd than - hoac bude chua’n bi trong khi hoa. 

Ngoai ra con mdt sd phan ting phu sau: 

Qua trinh tao san pham tti sunfua trong than: 

S + 0 2 ^ S0 2 

S0 2 + 3H 2 = H 2 S + H 2 0 

C + 2S = CS 2 

CO + s = COS 
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Qua trinh tao san phAm tir nito trong than: 

N 2 + 3H 2 2 NH 3 
N 2 + H 2 0 + 2CO 2HCN + 1,50 2 
N 2 + x0 2 =£= 2NO x 

Nhung phan ting nay khong gay anh hudng gi toti cin bang, tdc do qua trinh khf hoa, 
song la nhung phan ting tao tap chA't, gay ddc hai cho xuc tac, gay 6 nhidm khf va nude trong 
viing san xua't. 

iii. nhONg van »£ c6ng ngh$ 

Trung tarn cua day chuyen la 16 khf hoa - noi thuc hidn tat ca nhting phan ting khf hoa 

than. Tai lieu nay tap trung vao qua trinh che' tao khi than phuc vu che' khf cho tdng hop NH 3 

thuong quen goi la khi tdng hop. Bao gdm qua trinh khi hoa than udrt, che tao hydro hoac 

h 6 n hop khi vdi ty 16 CO/H 2 xac dinh va qua trinh khi hoa than Am, che tao hdn hop khf 

H 2 /N 2 vdi ty 16 xac dinh theo: ^ til l > 3 2. 

- N 2 

Co hai vA'n dd quy 6 't dinh cong nghe san xua't (6 day chi day chuy 6 n san xuat, thidt bj, 
quy trinh va dieu kidn ky thuAt trong san xuAt, td chtic san xua't). 

Thti nhAt 1A van dd chon loai 16 kht h 6 a. 

Co thd tham khao them tai kidu vd “Ddng hoa hoc va thie't bi phan ting” cua ciing tac gia. 

Vdi phan ting hd khf rAn, th 6 ’ tfch (hay kho'i luong) the tfch ran thay ddi trong qua 
trinh phan ting; dua vao bien thidn cua trang thai he khf rAn, thd hidn qua quan he gitia trd 
luc cua tAng phan ting vdi t 6 'c dd dong khf co thA phAn ra 3 loai 16: 16 tAng c 6 djnh, 16 lap 
sdi, 16 ddng chay. 

Thti hai la vAn dd chon phuong an giai quyet hidu ting nhiet trong qua trinh khf hoa. 

CO + H 

QuA trinh khf hoa than udt, than Am tao ty 16 -- theo y 6 u cAu khf tong hop. Tdng 

N 2 

hidu ting nhidt la Am. Phai dua nhiet tir ngoai vao. Nd'u dua nhidt vAo dudi hinh thtic bu nhiet 
bang phan ting chay cua than vdi oxy - ta cd thd chuyen 16 khf hoa hoat ddng li 6 n tuc; nd'u 
dua nhidt vao dudi hinh thtic phAn 2 giai doan luAn phidn: Thuc hidn phan ting chay cua than 
vdi oxy, tfch tru nhiet do phan ting toa ra, sau do khf hoa. bu nhidt thidu bAng nhidt tfch tu. 
Khi do ta co 16 lAm vide giAn doan, mang tfnh chu ky. Ngoai ra trong edng nghidp khdng 
ddng hinh thtic nao khac. 

A. Lo khi hoa ting co djnh che tao khi than am 

Hinh 1.5 gidi thieu nguydn ly lam vide cua 16 nay dudi ap suA't thudng. 
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HinH 1.6 cho thay m6t vi du v6 su biin thi£n nhifet d6, thanh phan khf theo chilu cao 
cua 16. 

Qua do co the quart sat qua trlnh phan umg nhu sau: Niu than nguyen lieu di vao tir 
noc 16, qua mam thao xi a day thao din ra khoi 16, ting than se di dong tu tr£n xudng dudi. 
Chat kht hoa di nguqc chi£u, theo chiiu di cua dong chit khf hoa, ta co the quan sat thay co 
nhOng viing (z6n) phan utig nhir sau: 

VI- z6n xi. Xi than nong gap chit khf h6a, ning nhiet d6 chit khf hoa tir khoang 60°C 
l£n khoang 420°C, ban thin xi ngudi xu6ng nhiet d6 trirdc khi thai ra ngoai. 

V- z6n oxy hoa. Viing nay xay ra phan ung chay giua than va oxy trong chit khi hoa 
tao thanh CO, C0 2 theo cac phan ting (1), (2), (5), do phan ung toa nhiet nen nhiet d6 tang 
nhanh chong tdi muc gin nhiet d6 hoa mem cua xi. 

IV- z6n khir chinh. 6 day xay ra phan umg giura hoi nude va than theo phan umg (3), 
(4). Phin C0 2 tao thanh do phan umg (1), (5) bj khirtr£n C theo phan umg (7). 
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Ta't nhi£n day chi la m6t vi du, gia tri tuyet doi cua s6 lieu co the khac di, song chu tu 
cac z6n, phan ting cu th£ tren cac z6n deu mang tinh phd bien ddi v6i qua trinh khi hoa ma 
chat khi hoa la h6n hop 0 2 va H 2 0. 

Vdi loai 16 nay, mpt chi tiSu quan trong de danh gia chat lupng qua trinh khi hoa la 
hieu sudt khi hoa, mat khac cung cin tinh den djnh mur tifeu hao hcri nude cho 1 nr san 
pham. Anh hirdng d£n nhting chi tieu ay kha phtic tap. Bao gom chung loai than; chon cudng 
d6 khi hoa (chi lupng than d6t tren mot don vi tidt dien 16 trong mot dcm vi th6i gian); chon 
chd - dp nhiet, bao gom nhiet dp 16 va tong cac hang muc anh huong d£n c4n bang nhiet; ty le 
kh6ng khi/hoi nude hoac ty le oxy b6 sung... Tat ca deu dupe tinh toan chinh xac dua tren 
thanh ph£n khi than dam bao yeu cau cua san xuat. 

CJ day de cap den mpt th6ng sP quan trong do la hieu umg nhiet cua qua trinh va giai phap. 

Tdng hieu ting nhiet cua qua trinh khi hoa than am nham dat yeu cdu cho t6ng hop 
amoniac hoac metanon la am, nghla la qua trinh khi hoa c£n dupe bo sung nhiet; hoac tir 
ngoai vao qua thanh thiP'l bi, hoac dung hoi nude cao ap, hoac dung khi thcii gio giau oxy, 
hoac lam viec theo chu ky. Hien nay vdi khi than Am cho t6ng hop, bidn phap thudng dung 
la lam viec theo chu ky. 

Qua trinh gom hai giai doan: 

Giai doan thdi gio: thoi khdng khi vao 16, thuc hipn phan ting toa nhiet, mot phan ldn 
nhiet tfch tu trong 16, mot phan CO con du (do nhiet do cao), tiep tuc chay d tdng tru nhiet 
dat trong 16 tru nhiet. 

Giai doan chP tao khi than: thdi chat khi hoa vao 16, sau khi da thu hoi nhiet d tdng tru 
nhiet. Cho d6n khi nhipt dp 16 giam xuong - nhiet toa ra da can bang vdi nhiet thieu. 

Chu ky lai lap lai. 

Hi^n nay hdu hPt 16 khi hoa than im deu lam viec d ap suS'l thudng. 

B. Lo khi hoa tang co djnh, che tao khi than i/dt 

VP cAu true 16, day chuyen... tuong tu nhu khi hoa than am. 6 day de san xuat khi 
than, thanh phan chu ye'u la H 2 va CO; chat khi hoa la H 2 0. Cung nhu tren, d day van dP 
hieu ting cua qua trinh khi hoa cang am hon. Mpt giai phap cu la theo chu ky. Chu k>’ nay 
thudng gdm nhting bude sau: 

a. Thoi khdng khi; 

b. thdi sach - nham loai bo nito va C0 2 tren dudng Png; 

c. thPi len I - hoi nude thdi tir day len dinh 16 nham san xuat khi than; 

d. ThPi xuPng - hoi nude thPi theo chiPu ngupc lai, nh&m tan dung nhiet; 

e. th6i len II - tuong tu bude c; 

f. th6i sach bang khi nude nham ngan khi than day 16 va kh6ng khi bude (a) htnh 
thanh h6n hop n6. 
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So do nhu hinh dudi - vdfi khi than am noi tren cung tuong tu. Thudng mot chu ky 
khoang 3 phut. 



d) e) f) 


Mot phuong an dung kha ph8 bifen hidn nay 1£: hoac chuyfen chit khi hoa tCr H 2 0 sang 
h6n hop oxy - H 2 0, tren co so ti'nh toan dam bao bit nhifet tu phan ung chay giOa C vdi oxy 
vdi hieu ting am cua phan ung giua C vdi H 2 0 va cac khoan nhiet tdn thfet khac. Nhu vay 16 
ting c6 dinh tir lam vide gian doan sang lam vifec lien tuc. 

Hinh 1.7 gidi thieu mot loai 16, vi quay vdi mdt td'c do rat cham khoang 120 phut/vong 
nhfem thao xl khoi 16. 

Thin 16 gom hai phan. Phan dudi la vo boc, san xufet hoi nude tir ngudn nhiet lam lanh 
16. Phin tren lot gach chju lira than va chat khi' hoa di nguqc chifeu. 

Hinh 1.8 gidi thifeu day chuyfen khi hoa than, chat khi hoa la khdng khi, hoi nude, che 
tao khi than im phuc vu cho tdng hop NH^. Qua trinh san xuat bao gom hai giai doan chinh: 

Giai doan thoi khong khi nhim tao phan tfng toa nhiet, tru nhiet trong 16 khi hoa, va 
tiep tuc dot phin CO con lai trong 16 tru nhiet, sau do qua noi hoi san xui't hoi nude. Tuong 
tu bude a phin B d trfen. 

Giai doan che tao khi than vdi chit khi hoa la khdng khi - hoi nude vdi 3 bude, tuong 
tu bude b, c, d phan B 6 tren, trong bude nay a khi than co di qua noi hoi, bude c hoi nude 
qua 16 trO nhifet de thu h6i nhifet. 

Thdi gian cho 1 tudn hoan: 3 phut, trong do 25% thdi gian danh cho thdi khdng khi. 
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Hinh L7. 1.6 khf hoa than ting co dinh vi quay 
1. tam phan phoi nhien lieu; 2, mam thao xi; 3, mu phan phoi gid; 4. he truyen dong quay mam 
jet; 5. dao gal va he dieu khien dao; 6. cCfa thao xi; 7, vo boc nifdc d than Id; 8. thung phal sinh 
hoi nude; 9. noi bunke than; 10 ong thoi gi6 (khong khf + hdi nifdc hoSc bo sung oxy) 



Hinh 1.8. Day chuydn khf hoa than, Cong ty Phan dam va Hoa chat Ha Bic: 
1. to khf hoa; 2. to trif nhiet; 3. noi hdi nhiet thi/a; 4. van thdy phong; 5. van ba 
nga; 6. ong khoi; 7. thap rura; 8. ket khf 
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Hinh 1.9 . Lo lop s6i Winkler (ap suat ihircmg) 

1. bunke than; 2. bunke bui 3. than 16; 4. tarn gat xi; 5. ght 16; 6 vit vo tan 
thao xi than, 7 he truyen (Jong: 8. ong than; 9. bunke xi; 10, hdi chinh; 11 hoi thur 

C. Lo Ictp soi che tao khi than Lfdt 

Lo lap soi thudc loai thi6t bi iron ly urdng. T6i rrang that lam vice 6n dinh tinh chat 
cua h£ {bao gdm tinh chat hda hoc - vf dp thftnh phan he, tfnh chat vat ly) d6ng nhat trong 
to^n khoang khong gtan lorp soi. O day khong con phan zon phan ting nfra.. Thi^Tt bi nay 
inang 6iy du uu di6m va nlurac didrn cua loai 16 nay trong phan mg kin tin. Loan jo s<5m 
nh^ii la to cua F. Winkler, 

Lb lop soi dung than earn, kich thude hat co 10 mm. Chat khi ho a la hoi nuo'c pha 
oxy; 70% luong chAt khi hoa dtia vao til day 16 vdi v3n cdc 8-10 m/sec qua vi phan phoi tao 
lefp soi va 30% b6 sung tren dinh lop soi. Chieu cao lap s6i chtmg 1000 - 1200 mm. Hinh 
1.10 giai thibu efiu tao mot loai 16 co duang kinh 5,5 m, dimg than n&u, nang suat co thb tdi 
6000 - 10.000 Nm7h. 
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Hinh 1.10. Lo lop soi Winkler khong co vi phan phoi klii 
1. hoi thif; 2. hoi chinh; 3. vit thap xl; 4 vit cap than; 5, bunke than 

Loai 16 co vj philn phoi khi va hinh 1.10 loai cai tier kh6ng dimg vi phan phoi khi. 

Coi hinh 1.9, than tCr bunke - co nito dd chong chay. qua vfi vo tan dua vao lop soi. 
Chat khi hoa di tCr day 16 qua ghi tao lop soi. 

Cung cap hoi thi'r vao dinh lop s6i tro gii'ip cho phan irng khi hoa. Than 16 cao toi 12 4- 
15 n\. nham tao diiu kien chay hfi’t than min voi kich thuroc nho hon kich thuoc binh quan, 
dong rhai tach mot phan bui. 

Xi thao ra khoi lap soi qua vit vo tan dua vao bunke. Khi than ra khoi dinh 16. 

Loai 16 lop soi cua Vien THAT! co can tao tirong nr. Song tren dinh 16 co m&t dan ong 
nham tao hoi qua nhiet. Dan ong nay gan voi n6i hoi. 

Loai 16 nay cung dung than kich thiroc 0 ^ 10 mm, nhiet do cao nhat 1140‘ C. Cirong 
do 16 khoang 2000 - 3500 kg than/m 2 x gib. 

Noi chung nllCfrig thiet bi 16 tSng sOi co nbung mi dmm: 

- San liiong tren don vi th£ u'ch thiet bi Ion - vdi cha'l khi hoa la hoi nude - oxy. co the 
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dat tdfi 60.000 NmVh khf than (vdi 16 dir6ng kfnh 5,5 m). 

- Ciu tao don gian, phi tan sira chura bao dudng thie't bj thap - m6i nam chi phi ton 

1 2% tdng diu tu. 

- Co thtj dung than cam (4> = 0 — 10 mm); 

- Khf than khong con dau cok, vi vay thap lam lanh it gUy 6 nhilm do nude thai; 

- Van hanh don gian, phu tai co the bie'n ddng trong khoang 30 -s- 150% phu tai trung 
binh, dn djnh. 

Tuy vay cung co mOt so nhupc diem ma nguyen nhan chu y^u do nhiet dd thap, ap 
suit tha'p: vi vay chat luong khf than kem; 

- Nhiet do khi hda thap, nhim tranh ket khdi, thudng vao quang 900“C, 

- Lo khf hoa ldn qua - khoang kh6ng gian tu do chie'm th£ ti'ch Ion nen ton tha't nhiet 
Ion, ke ca phin nhiet ly theo khi. 

- Phin bui bay theo khf qua ldn, phu tai lam sach khf qua nang. Vi vay trong th6i gian 
gin day hudng cai tiin ciia Winkler la nang cao nhiet do va ap suat khf hoa: phuong phap 
dung 16 Winkler nhiet dd cao, ap suat cao (HTW). Vdi c6ng nghe nay, nhung s6' lieu nghien 
curu cho thay trudng hop nguyen lieu la than nau, trong xi ham luong CaO + MgO len tdi 
50%, Si0 2 8%; nhiet do nong chay xi 950°C, cho them 5% CaO, nang nhiet do nong chay 
len 1100"C; chat khf hoa la hoi nude pha oxy. Khf hda d 1000°C; ap suat 0,98 MPa (khoang 
10 at). K^t qua cuong do khf hda len tori 5000 m'Vm 2 gib (hdn hop CO + H 2 ), hieu suat 
chuyin hda than dat 93%. Chat luong khf than tang ro ret. 

D. Lo tang di dong 

Trong 16 ting di ddng, nguyen lieu dudi dang bot than hoac bun cung chat khf hda 
dupe phun vao dinh 16 tao ngon lira chay kha manh, nhiet dd tilm ludi lua co thi len tdi 
2000 l ’C. Trong dong chay hat d the huyin phu. Kfch thude hat than cd 0,1 mm. Toan bd qua 
trinh khf hda ket thuc trong miin cu ly 0,5 m each mieng phun, thbi gian phan ting co 0.1 
giay. Tdng thbi gian dung cua than trong 16 khoang 1 giay. O day thuc su tao mot dong chay 
lien tuc. Xi hoa long dupe phun nude lam lanh tao vien, 70% tach ra khdi day 16, con 30% 
theo khf, 16 lam vide 0 ap suit thudng. Chit khf hda gdm: luong oxy: 0,85 + 0,9 kg/kg than, 
ty le hoi nude/than: 0,3 ~ 0,34 kg/kg than, hieu suat sir dung than 98%. 

Khdi diu cong nghe nay la 16 cua Due: KT. Koppers - Totzek. Hinh 1.12 cho thay ciu 
tao cua loai 16 nay va day chuyin cong nghe. 

Sau nay nhieu edng ty cai ti£n nhim n&ng cao cudng dd va nang luc san xua't cua 16. 
Vf du 16 Shell - Coppers lam viec d ap suit cao, 16 TEXACO ning nang suit len 910 
tin/ngay. 


31 




Hinh 1J2. Day chuyen c6ng ngh t 

1. bunke than; 2. bo phan phat sinh hoi mr6c; 3. 16 Koppers Totzek; 

4. noi hoi nhiet thi/a; 5. thap r6a tam sach khi; 6. lam tanh khi 

Hinh 1.13 gidi thieu loai c6ng ngh£ nay. Thco c6ng nghe nay than diroc nghien min 
tao bun co n6ng do cao d6i khi con pha th6m mot so phu gia nhu da v6i, aolomit nh&m n&ng 
cao nhidt do nong chay cua xi, cung oxy phun vi\o 16 qua mdt v6i phun, thirdng dung loai 
voi phun co 3 I6p. Ong trung t&m pha 15% luong oxy, khe 6ng la bun than, vo ngoai phun 
85% oxy con lai. 

Thanh 16 lat gach chiu lira dac bi£t: nhi£t do cao, chiu bao mon, chju an rnon cua xi. 
Qua phan ung nhiet d6 16n toi 2600°C. Xi hoa long; Khi than hoac imc tifi'p hoac gian ti£p 
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lam Utnh xuong 700‘ C dd san xuat hoi nude cao ap - qua noi hoj ha nhiel tiep tir 700 ll C 
xud'ng 300"C. sau do dung niroc lain lanh true tiep xuong 200 U C. 

Nang suat thuiJiig a ca 6,35 tan than/gio, hieu suat chav cua than dat 98% + 99%. 



1, than 16 dot; 2. cum voi phun; 3 voi phun oxy; 4 nude lam lanh vao; 5. ni/bc lam lanh ra; 
6. gach chiu lira; 7. buong lam lanh; 8. bo phan chCfa xi; 9 thong Iron than tao bun than 



Hinh 1. 14. D&y chuyfcn cong nghd TEXACO 

1. gau than; 2. bunke; 3. thong bui than; 4 thiing tron; 5. bam cao ap; 

6. buong dot; 7. buong lam lanh; 8. xi; 9. noi hai; 10. thap refa; 11 gom bun 





Nh£hig nam gin day nhidu c6ng ty ap dung edng nghe lien hop didn - dam con goi la 
c6ng nghd IGCC (Integrated Coal Gasification Combined Cycle). So d6 nhu sau: 



XI S 


Than qua khi hoa, chit khi hoa la hoi nude va khdng kin hoSc bo sung oxy; san sinh 
khi than; qua lam lanh, phun nude rira khi axit; tach luu huynh. 

Khi than sach mang ddt chay tude bin khi, nhidt dp khoang 1090°C, rdi tuoebin, nhidt 
dp khoang 482 + 538°C; khoi nay qua n6i hoi san sinh hoi nude qua nhiet; hoi qua tuoebin 
khi san didn nang. 

Ap suat khi vao tudebin cd 1,4 MPa. Trucmg hop ap suat cao hon con din qua may 
dan, thu hdi nang lupng. 

0 thiet bi lam lanh, cd hinh thanh hoi nude, hoi nude nay qua noi hoi che' tao hoi qua 
nhidt, hoi nay cung hoi phat sinh trong ndi hoi nhidt thira dung d^ chay tudebin phat didn. 

Hien nay hidu suat tudebin dat 38% trong khi dPt than chi dat 34%. Ngoai ra con mdt 
loat edng nghe khi hda d dp suit cao, song ty Id hd dp suat cao ap dung trong linh vuc che 
tao khi tdng hop con thd'p. 

Dudi day dua ra mdt sd' thdng sd ky thuat cua cac phuong phap tren, nhim cung cap 
mdt hinh anh vd cac hoat ddng cua 16, ddi vdi than antraxit, va edng nghd chd tao khi than 
udt. 
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Thdng stf 

L6 Uing c<5 djnh 

L6 tang s6i 

L6 ddng chay 

- Ki'ch thi/6c c a ban 16 

dudng kinh m 36 

5 + 6 



thd tfch 16 m 3 54 + 49 

70 + 90 


- Ktch thifdc hat than (mm) trong do C (%) 

20 ~ 100 

< 10 

<0,1 


> 73 ~ 83,5 

>60 

>66 

- Ci/dng d6 qud trlnh lupng than chay kg/m 2 .h 

320 + 400 

2000 + 3500 

4800 

- Ham li/png C trong xf tfnh ra hifeu suat chay % 

98 

91+93 

98 + 98,5 

- Nhifit dd khi hoa 

950 + 1000°C 

980°C 

1500 + 1600°C 

- Loai khi than 

khi than ircrt 

khi than uPt 

kht than irPt CO: 


CO: 18 + 30% 

CO: 23 + 36% 

39 + 42% 


H 2 : 23 + 40% 

H 2 : 12 + 40% 

H 2 : 34 + 37% 
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Chuong II 

CHE TAO KHI HYDRO Tl/KHI NGUYEN LIEU CHUA MET AN 

• • 


Hien nay co ba phuong phSp che tao hydro tir ngu6n metan. 
- Phuong phap nhiet phan thuc hien phan ting: 


ch 4 

-► C + 2H 2 AH 29x = 82,4 kJ/mol 

0) 

Phuong phap reforming hoi nude, cac oxit 

khac: 



ch 4 

+ h 2 o —► 

CO + 

3H 2 

(2) 

ch 4 

+ co 2 —► 

2CO 

+ 2H 2 

(3) 

Phuong phap oxy hoa khdng 

hoan toan: 




2CH, 

4 + 0 2 

2CO 

+ 4H 2 



I. PHlTONG PHAP NHlfiT PHAN CHO PHEP DONG THCJI SAN XUAT C 

Phuong phap (2), (3) dong thdi cho CO va H 2 , tiep tuc chuyen hoa CO irong hoi nude, 
trfin xuc tac ta duoc hydro. Vi v6y trong san xu£t nguyfcn lieu cho tdng hop NH 3 phan ting 
(2), (3) la chinh. 6 day didm qua mdt chut ve phan ting (1). Day la mdt phan ung thu nhiet, 
nhiet phan ung rat ldn. 

Hang sd can bang ciia phan i3mg tfnh theo: 

P 2 

lgKp = lg-^- = + 5,581gT-0,00177T- 13,1.10~ fi T 2 - 11,3 

Pch 4 t 


Tir do co the tfnh n6ng dd can bang d mdt nhiet do nha't dinh nhu sau: 


Nhiet (36, °C 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

__ 



- 



36,6 


93,6 

186 


56,8 

33,5 

17 

8,7 

4,55 

2,59 

1,62 

1,04 

0,3 

H 2 * % 

43,2 

66,5 

82,7 

91,3 

95,45 

97,41 

98,88 

98,96 

99,7 


Co th£ thay de che tao hydro nguyen chat (CH 4 khoang 0,5%) cho tdng hop NH 3 , cin 
khdng che nhiet dd trong khoang 1100 ~ 1300°C. De giai quyet dat nhiet do cao nhu vay, 
trong mdt phan ting thu nhiet ldn nhu vfty thudng trong eftng nghifep dung phan ling co tfnh 
chu ky, tuong tu khi than im hoac udt. Trong giai doan d£u, khoang 1 den 2 phut thong 
khdng khi dd't chay metan - nang nhiet dd len 1200 + 1600°C; giai doan 2 keo dai chimg 
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5 + 6 phut thuc hidn phan ung nhidt phan. Cuoi giai doan khi nhidt dd ha xuong 900 
950°C, mot chu mdi lai bat d5u. Tuy v4y ndng do khi san phtim chi dat 70 + 80% H 2 ; 
10% CH 4 ; 5% CO; 0,5% C0 2 va mdt sd etylen, naphtalen, benzen... Theo vdi su phat trien 
cua cong nghd xuc tac, ngay cang ft co set san xuat sir dung phuong an nay, chuydn sang 
phucmg phap reforming CH 4 trong hoi nude vdi su co mat cua xuc tac. 


II. PHUONG PHAP REFORMING HOI NUOC 

Dudi day gidi thieu mdt vf du v£ th^nh phin cac loai khf chira cacbua hydro: 


Loai khi 

ch 4 

c 2 h 6 

C 3 H 8 

C 2 H 4 

C 3 H 6 

c 4 h 10 

C 4 H 8 

C 5 H 12 

h 2 

n 2 

CO 

C0 2 

Ar 

Khi thidn nhidn 

97,12 

0,65 

0,09 






0,06 

1,53 

0,03 

0,41 

0,4 

Khi dong hdnh 

83,01 

6,74 

3,25 



2,79 





0,825 



Khi thai luydn kim 

29,26 

15,60 

3,46 

9,02 

11,92 

10,96 

6,48 

1,82 

5,23 



1.42 



Va mot so dd tdng quat v£ gia edng bang reforming hoi nude trong khudn kho tdng 
hop NH ? va ure. 


Khf cacbua hydro 


-► nen 


Khdng khf 


Hydro hoa S-*- KhCr H 2 S bang ZnO 

i 


Hoi nude 


Phan ly khdng khi 
ho3c khdng khi nen 


May nen khi 


■ May ndn C0 2 


-*■ Chuyln hoa Ian I (Reforming —| 

1 

-*• Chuyen hoa Ian II- 


1 


Thu h 6 i nhiSt 
san hoi nude 


Chuyen hod CO *<- 

I 

— KhLf C0 2 , CO 

I 

— Metan hod khir CO, C 0 2 

I 

— Tong hop NH 3 

I 

Tdng hop urd, soda... 

I 

San phdrn phan dam, soda... 
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Khf cacbua hydro la mdt ngudn nguyen lieu cung cap hydro cho tdng hop NH^; 
thudng bao gdm: khf thidn nhien, khf ddng hanh trong khai thac chd bie'n ddu mo, khf than 
tur noc 16 luyen cok, cac khf thai tir 16 luyen kim... 

Dudi tac dung cua xiic tac, cac cacbua hydro nay phan ting vdi kh6ng khf, ho3c oxy, 
hoac hoi nude chuydn hoa thanh hydro va cac hop chat ciia oxit cacbon khac. Dac biet trong 
nam sau chuc nam lai day, ky thuat tong hop NH ? co nhung phat trien vuqt bac: quy m6 san 
luqng cho mdt don vj day chuyen tang manh, cac loai xuc tac mdi dua tdng hop NH 3 phat 
trien manh theo hudng giam manh mure tieu hao nang luqng, ta't ca tao nen mdt sue thuc diy 
manh sir phat tridn cua cong nghd chd tao hydro tir khi tren xuc tac. 

1. Phan umg chuyen hoa khi cacbua hydro trong hoi nurdc 

Thanh phdn chu y£u cua cacbua hydro dang khf la metan, mdt luqng nho C 2 H 6 , C^H#, 
C 4 H 10 ... ngoai ra con CO, C0 2 , N 2 v.v... 

Phan irng co ban nhu sau: 


ch 4 + h 2 o 

—>■ 

CO + 3H 2 

AH 298 = 206,3 kJ/mol 

0) 

CH 4 + 2H 2 0 

—>- 

C0 2 + 4H 2 

AH 29h = 165,3 kJ/mol 

(2) 

CO + h 2 o 

— ^ 

co 2 + h 2 

AH 29)1 = -41,2 kJ/mol 

(3) 

co 2 + ch 4 

—> 

2CO + 2H 2 

AH 298 = 247,3 kJ/mol 

(4) 


Cac loai cacbua hydro cacbon cao cung tie'n hanh phan ung tuong tu. Co the viet phan 
ting tdng quat nhu sau: 

C„H 2n+2 + nH 2 0 —► nCO + (2n+l)H 2 (5) 

Song song vdi do con mdt loat phan ung phu. Dang quan tarn la phan ung tach C 
nguydn td: 


2CO 

- 

co 2 + c 

AH^ =-72,4 kJ/mol 

(6) 

CO + h 2 

- >■ 

c + h 2 o 

AH 2 9 8 = -122,6 kJ/mol 

(7) 

ch 4 

- 

c + 2H 2 

AH 2 9 x = 82,4kJ/mol 

(8) 


3 phan ting chuyen hoa (1), (2), (4) la phan ting thu nhiet, hidu ung nhiet kha ldn. 
Phan ldn phan ting thti ca'p la phan ting toa nhidt. Co thd not tdng hidu ting nhiet la qua trinh 
thu nhidt, phan ting chuyen hoa edn bd sung mdt nhiet luqng rat ldn. Ve mat ap suAt tot nha't 
lam vide d ap suAt thap, nhiet dd cao. 

So dt trong edng nghidp dung he cao ap, thudn tuy nhAm muc dfch kinh te. 

VS van dS can bang cua phan ung 

Ba phan ting dAu (1), (2), (3) la phan ting chu yeu, song chi co hai phan ting la ddc 
lap. Dua vao 2 phan ting a'y co the xac dinh can bang cua phan tmg. Phan ting (6.4) quan 
trong do'i vdi tong hop CH 2 OH, vi la phan ting didu chd' ty le CO/H 2 - mdt thong so quan 
trong trong phan ting tdng hop. 
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Vd'n de toe do phan ting reforming l 

Ne'u khong co xuc tac, ngay d 1300°C t 6 c do cua phan ting rat cham, hlng s 6 ' td'c dd 
phan ting: 

k = 2,3.10 9 .e' 6 M,no/RT (phtir l ) 

So vdri phan ting xuc tac, 6 700 - 4 - 800“C: 

k = 7,8.10 9 .e~ 22700/RT (phut - ') 

Vi v&y trong edng nghidp hien chu yeu dung xuc tac, day manh co chon loc phan ting 
(1), trong day chuy£n t 6 ng quat, gqi day la chuy^n hoa doan I (reforming I), Nhi£u hop chat 
cua cac nguyen to Co, Pd, Pt, Rh, Ir... co tac dung xac tac ddi vdri phan ting, song v 6 i Ni: 
hoat tinh vtia du cao 6 nhi£t do khong lorn llm, them ntia lai re, thuan tien tim kiem va gia 
edng, cho n£n htiu het cac co so san xu«ft deu dung xtic tac Ni. Cac phu gia thitong la cac 
oxit kim loai co kha nang tin dinh, khdng bi khu b nhiet do cao nhu AI 2 O 3 , MgO, Cr 2 0 3 , 
Ti0 2 ..., mat khac d£ tr£nh phan ting tach nguyen t 6 ' C, bo sung cac phu gia lam giam do axil 
tr&n b£ mat xtic tac nhu cac oxit kim loai ki£m K 2 0, CaO, MgO cac oxit nguyen to d£t 
hi£m... 


Duoi day gidi thidu mot vai loai xtic tac thdng dung: 


Loai xtic tac | 

C 

^03 

XI 

Q- 

SL 

C 

TO 

x: 

k- 

Dac diem 

Z102 TQ 

UCI My 

Cl 1-9-02 

ICI Anh 

C12-625 

BASF Otic 

G-21 

Topse Oan 
mach RKS- 

1 

THAn 

Nga 

rnAn-16 

NiO % 

14,5 

Ni: 12% 

20% 

14,9 

13,4 

^ 20 

KjO + Na 2 0 % 

0,25 






% 

1 






^Si0 2 % 

2 






A! 2 0 3 % 

4,8 

AI 2 0 s 

CaAI 2 0 4 

G6m 

M9AI2O4 1 

CaAI 2 0 4 

R©2^3 ^ 







_C I 

0 ^ 1 

- 1 

Khtii luqng chit d<5ng kg// 

1,1+ 1.2 

1,12+1,28 

1,04 + 1,12 


0,96+1,02 

1,0+ 1,2 

Bd mat rieng m 2 /g 


5 + 15 

50 + 60 



60 + 80 

cs 0 
«1> 

> 

£ 

5 - 

Nhidt dd, °C 

450 4- 900 

600 + 1000 

720 + 840 

650 + 850 

425 + 350 

825 

Ap suat MPa 

2 

0,1 +3,9 

0,1 +2,5 

0,1 + 3,4 

0,1 +3,9 

3,5 + 4 


Sau reforming I, chuy£n hoa den rrrtic do nhat dinh, b 6 sung oxy thuc hien phan ting 
chay song song vdri chuyen hoa II (se de cap d£n trong phan sau). 

Thuc 16 cSiu tu hoat ti'nh trong xuc tac RI la Ni, vi vay deu qua giai doan “hoan 
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nguyen” xuc tac; ihfim nua Ni co hoa trj tir 2 dtin 8 , tuy thutic vao phuang phap che tao, sau 
hoan nguyen d£u tret ve ciu tti boat tinh ti dang Ni. 

Dung h 6 n hop khi H 2 , thting qua xuc tac thuc hitin phan ting: 

3NiO + CH 4 —► 3Ni + CO + H 2 0 AH 298 = 186 kJ/mol 

NiO + H 2 —v Ni + H 2 0 = 2,56 kJ/mol 

NiO + CO —► Ni + C0 2 = -30,3 kJ/mol 

Thuc ra va'n d4 ma'u chtit trong hoan nguyen la ty le H 2 0/H 2 . Trong cting nghiep 
thuting titin hanh d nhiSl dti > 700°C; ap sua't lam viec; vtii loai co NiO khoang 20 + 35%; ty 
le H 2 0/H 2 thuting vao khoang 3, n£u hoan nguyen bang CH 4 , ty IS khoang 2, nhiet do cao hen 
so vtii hoa nguyen bang hydro (900 1000°C); tdc dti khting gian khoang 200 -s- 400 giti 1 . 

V^n d4 thti hai la ngti dtic xuc tac. Nang suit va ngti dtic mtit chitiu la hop chat ciia S; 
chi cin S dat n6ng dti trong khf vao khoang 5 mg/m 3 , xuc tac li£n bi ngti dtic do phan ting: 

xNi + H 2 S —► H 2 + Ni x S 

d nhist do cao tren 800°C con kha hon; nting dti cho phep trong khi thiSn nhitin vao 
khoang 2 + 3 mg/m 3 . 

Ngti dtic oxy la hai chiSu. C6 the hoan nguyen lai nhidu lan, hoat tmh khting anh huting. 

Tuy 1 loai xuc tac, co chti cua phan ting thay dtii. Ngay vtii xuc tac goc oxit niken cung 
co nhidu cting trlnh nghien ctiu khac nhau, tir do dua ra nhitiu co che va phuang trinh dong 
hoc tuang ting khac nhau. 

D. W. Allen, D. James d£u dua ra y kitin cho ring, phan ting trutic htit hinh thanh CO, 
va mtit chtit C 0 2 - nghTa la phan ting so cap la phan ting 1, sau do la phan ting 3. Dai the co 
chti nhu sau: 

CO + h 2 

It 

CH 4 + H 2 0 CH 2 0 + 2 H 2 

\\ H 2° 

C0 2 + 2H 2 

HSu htit deu coi nhu phan ting bac 1 theo CH 4 , ctin vtii cac call tir khac, ktit qua khac 
nhau nhieu. Nhin vao bang thting ke cac phuong trinh dting hoc da cting bti c 6 the tha'y ro 
ditiu do. 

r = k. p CH/) 
r = k -PcH 4 Ph 2 
r = k Pch 4 ■ Puf 
r = k - Pch 4 • Ph 2 o Ph 2 ’ S 
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1 - 


r = k, p 



Pco-Ph 2 

kP PcH 4 -pJi 2 o 


T£t nhien, nhu cac phan img he xuc tac khi ran khac, trong thuc te san xuat xuc tac 
thudng 0 dang vidn vdi klch c© 4> 16, H 16; hoac loai vong duPng kinh ngoai pl6, duong 
kinh trong <}>6; phan ung thuPng nim trong mi£n khuech tan trong; can quail tarn den hicu 
suai loi dung be mat trong. 

2. Phan utag chuyen hoa doan II (CH II) 

C) doan I - phan ling diin ra duPi ap suit thuPng (0,3 + 0.35 MPa), hoac ap suat cao 
(1 -s- 3,5 MPa), thuPng nhiet dp khoang 650 -s- 870°C. Do phan ung thu nhipt nen thuPng sau 
giai doan I ham ltrqng CH 4 xuo'ng chtrng 2 4%; nhung nam gan day co khuynh huang nang 

ham luong nay len cao hem ntra nh&m tang hifiu suat thiet bj va gia tri kinh ti' trong c 6 ng 
nghfi. Sau do tiep tuc hoan thifin chuyen hoa trong doan II nham ha ham luong CH 4 xuong 
va cung dong thPi b 6 sung mot luong nito nhat djnh, nham dat ty le H 2 : N 2 = 3 : 1. Mot sP 
day chuyen b 6 sung kh 6 ng khi nham can bang nhiet trong qua trinh chuyin hoa. Trong Cl I 
II thuc hien phan ung sau: 

H 2 + 1/2 0 2 —► H 2 0 AH 29( < = -231 kJ/mol 

CO + 1/2 0 2 —► C0 2 = -283,1 kJ/mol 

CH 4 + 1/2 0 2 —► CO + 2H 2 =-35,6 kJ/mol 

Ngoai ra con co nhung phan ting phu sau: 

CH 4 + H 2 0 —► CO + 3H 2 AH 29K = 206,3 kJ/mol 

CH 4 + C0 2 —► 2CO + 2H 2 = 247,3 kJ/mol 

CO + H 2 0 —► C0 2 + H 2 =-41,2 kJ/mol 


Trong do chu yeu la phan ung giQa H 2 
va 0 2 , vi t 6 'c dp cua phan ung nay gap 10 3 den 
10 4 lin cac phan ung khac. Vi viy ngay tr&n 
noc 16, nai b 6 sung kh 6 ng khi, phan ung nay 
da xay ra gdn nhu ket thuc - hiiu sua't chuyen 
hoa theo 0 2 khoang 99%. Vi vSy khi di vao 
vung xuc tac, nhiit do khi nguyin lieu lin den 
1200 + 1250°C, qua vung xuc tac chu yiu 
dien ra phan ting ( 1 ) - reforming xuc tac, ra 
khoi vung xuc tac nhifit dp ha xuong chtrng 950 
+ 1000°C. 

Hinh 2.2 cho tha'y su bii'n thifen nhiet dp 
va n 6 ng dp CH 4 trong 16 chuyen hoa. 



N6nq do CH,canblnq 



1 Khu vjc 1 Vung xuc tac 

tron khi * khong khi 


Hinh 2.2 
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Xuc tac doan II co ban tuong tir doan I, song dac diem phan ling a doan II la nhiet dd 
cao. Thudng xuyen et mi£n nhidt dd 1000 1250‘’C, than chi khi lam viec On dinh co thfe ldn 

den 1400 +■ I450°C vi vdy yfeu cdu cao doi vdi kha nang chiu nhiet cua xuc tac. Them nfia 6 
nhiet dd cao, ap sud't cao lai co hoi nude, vi vSy han ch£ ham luong: 

Si0 2 < 0.2%; Na 2 0 + K 2 0 < 0,2% 

Ducti d&y gidi thidu mOt so loai xuc tac, vdi thanh phin hoa hoc thudng dung trong 
cong nghiep hiSn nay. 




Thanh ph4n hoa hoc 

Nhiet dd phan Ong 

Loai 2102 cua TQ 

% NiO 

K 2 0 + Na 2 0 

Fe 2 0 3 

MgO 

CaO 

Si0 2 

AIA 



14,5 

0,25 

1 

0,7 

-15 

2 

48 


UCI My 

14,9 

Phu gia 

CaSi0 3 





980 -t- 1650 

C11 -1 

7 







990-1-1650 

C14-1 









BASF 0urc 

3 


MgO 






61-10 








600 -f -1200 

ruAn Lien xa 3-h 

6 


AI 2 O 3 





860 


3. Cong nghe san xuat 

Hinh 2.3 gidi thidu net chinh cua mdt so do edng nghe chuyen hoa 2 bude. Hinh 2.4 
gidi thifiu ca'u tao cua mdt loai 16 chuyen hoa II lam viec d ap suat 2,6 ^ 3,3 MPa nang suSt 
600 t 1360 T NH^/24 gib. 



Hinh 2.3. Chi tiet vdi phun I 

1. thiet bi truyen nhiet sucti nong khi nhien lieu; 2. thiet bi truyen nhiet such nong hoi 
nude va khong khi; 3-4. not hdi nhiet thC/a; 5. thiet bi gia nhiet nude; 6. thiet bj gia 
nhidt khi dot; 7. thiet bi gia nhiet khi + hdi nude; 8. ding dung xuc tac chuyen hoa I (thiet 
bi chuyen hoa I); 9. ong gom khi - ong dan; 10. Id chuyen hoa doan II 
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Hinh 2.4. Thiet bi chuyftn hoa doan II 
1. vo 16; 2. vung xiic tac; 3. ong dan khi chuyen hoa; 4. vt dd xuc tac; 5, bufing dot 


Theo hinh 2.3 khi nguyen liftu dune ning nhiet d6 len 350 v 370 <! C, ap su&t 4,15 + 4.2 
MPa; tr6n vcH hoi nuac theo ty 1ft hoi nuoc: khi = 3,7 + 4, nhiet d6 h6n hop khi - hoi nuac 
vao khoang 350 -t- 370°C di vao Ong xiic tac (RI). 

Khi nhien liftu dot chav ben ngoai ong va bu6ng dot gifr nhiet d6 phan img khoang 
790 * 823‘‘C; sau 16 RI - (16 6ng) ham luong CH 4 giam xuong 9 11%, qua ring gom 9 dua 

vao chuyftn hoa II. Kh6ng khi dirpc nen lftn 3,7 MPa, nhiet do chirng 175 -p 210"C, qua gia 
nhiftt den 370 ^ 380 1> C, toi 465 -f- 480“C b6 sung vao khi chuyftn hoa. RI vao chuyftn hoa (I, 
phan ting dftn ham lirang CH 4 con khoang 0,35 *■ 0,55%. Khi san phSm qua noi hoi rhu h6i 
nhiet, khoi 16 dung de gia nhiftt eac khi nguyen liftu, nhiftn lieu... 

L6 chuyen hoa RI chit yft’u lam bang thep chiu nhiftt - tlnrong thep cacbon pha Cr, Ni; 
ktch thircfc ong vao khoang: duang kinh 114x21 mm, cao 11 m, nhiet do lam vice cao nhat 
825 f ’C. Thuoc loai thiftt bi phan ting xuc tac truyen nhiet noi b6. 

Lo chuyftn hoa II, thuoc loai thiet bi lam vice doan nhiftt, trong dill cac loai xiic tac 
(thuang loai hinh t.ru <[> x h = 16 x 16; 19 x 19...) 

Duai day giai thieu m6t so thong s6 ky thuat cua mot s6' day chuyftn - mang tinh vf du. 

Doan chuyftn hoa I: Nhiet d6 ra khoi RI 800 -e 820“C 

CH 4 % ra; RI 9+10% 

Ty ift HjO/C vao: 4, ra doan I: 0,8 + 0.9 
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Doan II: 


Nhiet d<5 vao doan II 
Nhiet d6 ra doan II 
Nhiet d6 khbng khi vao 
CH 4 % ra 


790 + 800°C 
950 4 - 970°C 
430 + 440°C 
0,3 + 0,4 


III. PHLfONG PHAP OXY H6A KHdNG HOAN TOAN 

Bftn canh phuong phap noi tren, hien nay van t 6 n tai m 6 t s 6 ' co set san xua't a quy mfl 
nho (tuy rat it) sir dung phucmg phdp oxy hoi khflng hoan toan. Theo c 6 ng nghe nay thuc 
hien hoac oxy hoa chon loc tren xuc t£c (tuong tu doan II); hoac thuc hien phan ting oxy hoa 
- kh 6 ng diing hoi nu 6 c, khdc phuc nhuqc diem v£ hieu ung nhiet am; hoac dimg phuong 
phap phan ung gian doan mang tmh chu k^; hoac phai dung cdc hop kim dac biet chju nhiet 
lam thiet bi RI. 

Phuong phap niy dua tren ctic phan ung sau: 

Trudc he't thuc hien phan ung chay cua metan: 

CH 4 + 20 2 —► C0 2 + H 2 0 (1) 

Day la mot phan ung chay, toa nhiet: 

Budc hai, san ph£m C0 2 , H 2 0 cua phan ting chay, phan ting vd>i CH 4 du sau phan ting 
budc m 6 t: 

CH 4 + H 2 0 —-► CO + 3H 2 - 206,4 kJ/mol (2) 

CH 4 + C0 2 —> 2CO + 2H 2 - 248,3 kJ/mol (3) 

hoac tdng quat 2 CH 4 + 0 2 —2CO + 4H 2 

Phan ting (1) dien ra cue nhanh; phan ting (2), (3) rat cham. Vi vfly vtii hieu suat 
chuy&i hoa tuy dutii can bang, song cin nang cao nhiet d 6 phan ting. 

Trudng hop kh 6 ng dung xdc tac, nhiet d 6 phan ting trong khoang 1400 + 1500 1> C. Co 
th£ phan cac xf nghiep con sti dung c 6 ng nghe nay thanh 3 toai: 

1. Thuc hien true tie'p phan ting chay - dp suit cao, nhiet d 6 cao. Lam viec 6 2,5 3,0 

MPa, nhiet do 1400 -s- 1500°C. 

2. Thuc hien d ap sua't thudng nhiet dd cao. 

3. Thuc hien phan ting n6 true tie'p d<5t metan trong d 6 ng co d<5t trong san dien nang. 

Tuy vdy theo vtii su phdt trien cua c 6 ng nghe xuc tac, cac c 6 ng nghe ndi tren ngay 
cang bi thu hep pham vi sir dung. 
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Chirtmg III 

REFORMING XUC TAC LOAI CACBUA HYDRO DANG LONG 

* ■ 


Cacbua hydro dang nay co cacbon trong phan tu luong tren C v Dudi difeu kien ap suat 
thudng hodc khdng cao 1dm, nhiet dd thudng, d dang long. 

Td't nhat sir dung phan chung co phi diem thfep - dudi 130°C (40 130*‘C) thudng goi 

la d4u naphta - phan tu luong 88, ty le nguyen lu H : C = 2,23 (C = 84,4%, H - 15,7%), 
nhiet tri 10500 kcal/kg. Hoac loai da'u nhe phf diem co 180 -s- 200°C. 

Cacbua hydro vdi ham luong cacbon cao, phan ting cang phtic tap. Song song vdi phan 
ting chi'nh - con co kha nang xay ra phan ling nhifet phan nhien lieu vl vay td't nil fit nen tien 
hanh trfen xuc tac d nhifet do 400 -*■ 800°C. 

Vdi loai co phi diem cao: dau mazut, FO, can dau... thudng dung c6ng nghe oxy hoa 
mot phan; thdng H 2 0 va oxy vao chuyen hoa cacbua hydro. Phan ung chay vdi oxy cung cap 
nhifet cho phan ung chuyen hoa khdng xuc tac. 

I. CO sd HOA LY CUA PHAN tTNG CHUYEN HOA PHAN CHUNG 
VOl PHI DI&V1 < 220°C 

1. Can being cua phan ufhg 

Phan ung giua hoi nude va cacbua hydro (C n H m ) nhu sau: 


C n H m + nH 2 0 — 

nCO + (n + ~ ) H 2 

0 ) 

CO + 3H 2 

CH 4 + H 2 0 - 206 kJ/mol 

(2) 

CO + H 2 0 ^ 

C0 2 + H 2 0 - 41 kJ/mol 

(3) 


Phan ung (1) la phan ting thu nhiet, nhifet edn cho phan ung vuqt qua tdng nhifet tao ra 
bdi phan ung (2), (3). Trong mifen nhifet dd cua phan ung (1) la phan ung mdt chieu va phan 
ting(2), (3) deu la phan ung hai chieu. 

Do vay chi'nh hai phan ting nay quyfet dinh thanh phan can bang cua khf san pham sau 
chuyen hoa. 

Theo quy luAt chung: tdng ty lfe H 2 0 co loi cho can bang cua phan ting. Ham luong C 
trong nguyen lifeu cang cao, nhu cdu H 2 0 cang ldn - co the bifen dong trong mien 3,5 h- 5 ,0. 
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Ap suit, lb/m 2 _Nong dp C0 2 {%) can bang (goc kho) 5L £'’ N ^ng ^P CH 4 (%) can bang (g6c kho) 



Apsuat.MPa Apsuat.MPa 



Dudi day gidi thidu phan umg xay ra trong nhting didu kien khac nhau. 


Didu kidn edng ng 

h6 

Phan ling 

Ap suft 
MPa 

Nhiat dd 

°c 

h 2 o/c 

2,07 

800 

3 

CH 22 + 3H 2 0 = 0,2 CH 4 + 0,4 C0 2 + 1,94 H 2 + 1,81 H 2 0 + 10,25 kJ/mol 

2,76 

750 

3 

CH 2i2 ♦ 2H 2 0 = 0,35 CH 4 + 0,25 CO + 0,4 C0 2 + 1,6 H 2 + 1,95 H 2 0 + 75 kJ/mol 

3,11 

450 

2 

CH 2 2 + 2H 2 0 = 0,75 CH 4 + 0,25 C0 2 + 0,14 H 2 + 1,5 H 2 0 - 48 kJ/mol 


Nhu viy trong dieu kidn thucmg gap la phan ting thu nhiet, con 6 nhiet do thap, ty le 
H 2 0/C thap la phan ting toa nhiet. 

Thuc ra qua trinh kha phtic tap. Bang tren chi gidi thifiu phan ting khai quat, bao trum 
toan bd cac qua trinh b£n trong. Ve nguydn tic, dua vao thanh phan nguyen lidu, didu kien 
phan ting, phuang trinh tinh hing sd can bang K cua cac phan ting (2), (3) co the tinh thanh 
phin can b&ng - kdt qua nhu hinh 3.1. Co th£ sir dung nhu nhting sd lidu tra ctiu, 

2. Van de to'c do cua phan ting 

Phan ting su dung xuc tac: thanh phcin hoat tinh chinh la oxit niken. Oxit niken vira 
day nhanh td'c dd phan ting chuy^n hoa vdi hoi nude, vita diy manh phan ting tach than 
nguydn to' - mdt phan ting khdng mong mudn. 

Chon cac chit phu gia, ngoai cai thidn tinh chit co ly cua xuc tac, con chu y tang tinh 
chon loc cua xtic tac. Thudng phu gia MgO dap ting yOu ciu a'y. 

Dudi diy gidi thidu mdt sd loai xuc tac thdng dung: 

Xuc tac Z402 cuaTrung Qudc: NiO: 17%; A1 2 0 3 : 30%; MgO: 12%; CaO: 7%; Si0 2 : 

12%; K 2 0: 6%. 

Xuc tac UCI Cl 1-7-01 My: NiO: 19,6%; CaAl 2 0 4 (600 - 1000°C), 0,1 - 3.9 MPa 

ICI46-1 Anh: NiO: 16,5%; CaAl 2 0 4 < 850‘’C, 0,3 - 4.8 MPa 

BASF G-50 Dtic: NiO: 14,1; gdm 850- 1000 n C, 0,1 + 3,4 MPa 

Cac loai xuc tac nay ddu qua hoan nguyen trtidc phan ting: NiO + H 2 —► Ni + H 2 0. 

Thuc ra co chd cua phan ting rat phtic tap, nhat la ddi vdi dau co C cao. Nhting phuong trinh 
ddng hoc thu£n tuy thuc nghidm. 

Trong mi£n 370 -s- 500°C co th£ su dung phuong trinh ddng hoc dang tuong ddi don 
gian sau day: 

O , ( 11600 ''l 0,7 -0,6 ,, . 

r = 8,5 x 10 exp ^J-Pc 7 hi6-Ph 2 o • mol/ g- h 

Kdt qua tinh toan kha phu hop thuc td' san xua't. 

Hoac r = K,.p n .p H /(A + nk 2 .p n ) 
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trong do: 


a k 2 Pw 

A = pu + —A -- 

k, p H +k w .p w 

trong do p w , p H , p w ... - ap suit rieng phin cua cacbua hydro, hydro, hoi nude; 

K - hang s 6 can bang cua phan ting ( 2 ); 
n - chi sd C; 

k 2 /k) - hang so td'c dd phan ting nghjch va thuan cua phan ting ( 2 ). 

Cung co mdt so cong trinh nghien ctiu d<§ cap den co che cua phan ting, song deu chua 
dua ra mot phuong trinh dong hoc xua't phat tir co chi ay, bcfi trong thufc t£ tien hanh phan 
ting o 450 t 800°C, trong dilu kien thie't bi phan ting ki^u truyen nhiet trung gian; gitia 
nhien lieu long va H 2 0 co qua nhieu phan ting tiin hanh hoac song song hoac nd'i tie'p: phan 
huy tren xuc tac, phan huy nhiet, tach hydro, hydro hoa, tach than, oxy hoa, metan hoa... 
them ntia phan ting trong miin nhiet do rat rdng. 

Hien nay nhieu c 6 ng trinh nghien ctiu cho ring: a miin nhiet d 6 600°C. Phan ting dien 
ra nhu sau: nhien lieu bi hap phu tren be mat Ni - dien ra mot chubi phan ting tren xuc tac: 


Ni...C n H m 

-► C(a) + H(a) + CH x (a) + C 2 Hg(a) + ... 

QHg 

0 ) 

-H 

-H -H 

- 

H 


ch 4 

+ H 

CH x (a) CH x _j(a) 

CH x _,(a) ===* C(a) 

+ H 

(2) 


C(a) + H 2 0 —► 

CO + h 2 


(3) 


CO(a) + H 2 0(a) —► 

co 2 + h 2 


(4) 


H 2 0 + M —► 

O(a) + H(a) 

(5) 


a: trang thai bj hip phu; 

M: kirn loai Ni va chit mang. 


Co th£ coi nhu hoi nude bj chit mang hap phu trude, qua trinh hap phu la hai chieu. 
Cacbua hydro bi hap phu - hip phu tuong doi vung ben, chie'm khoi luong ldn trung tim hoat 
ti'nh, Hai san phim hip phu phan ting tren xuc tac. Vi vay n£u dung chat mang co phu gia 
kiem se hip phu nude tdt hon - lam ting toe dd phan ting. 

Phan ting ( 1 ) coi nhu phan ting nhiet phan nhien lieu long tren xuc tac hinh thanh cac 
san pham co phin tir luong thap. 

Phan ting (2) coi nhu phan ting dtit mach C-C, hinh thanh gtfc tu do CH X (x = 0 + 3). 

Phan ting (3), (4) coi nhu phan ting hoi nude hinh thanh san phim. 

Trudng hop mien nhiet dd tren 600°C. 

Phan ting d diy chit ye'u li phan ting nhiet phan, phan huy thanh phin alkan, metan, 
H 2 , than... Rieng cac cacbua hydro van nhiet phan tren xuc tac. Co the hinh dung phan ting 
dien ra trong ong chum chtia xuc tac, gia nhiet ben ngoai. Dien biin nhu sau: 
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Vj tr( tuong Cmg trdn 
tSng xuc tac 

Noi vio (450 + 700°C) 


Nhidn lidu long 


< 600°C nhifet phan xuc tac 
> 600°C nhidt phSn hd dong nhat 


25% 


50% 


Nhidt phan trdn 
trung tam axit 


ThanC 


Tach H khdi alkan, trung hop, 
phan huy CH 4 trdn trung tarn axit 


San pham trung gian 
alkan, alken, metan , H z 

Hoi nude 
nhidt phan 


' Phin umg chuyen hoa 

7 5% trdn trung tam basic 

| C + H 2 0 -*• CO + H 2 


Sin phlm trung gian 
oxit, metan, hydro 


1 

Noi ra 


San pham cua phan img reforming 
hoi nude CH 4 , C0 2 , CO, H 2 , H 2 O 
(d trang thai can being) 


CH 4 + H 2 0 = CO + 3H 2 
CO + H 2 0 = C0 2 + H 2 


II. NHtfNG VAN CdNG NGH$ 

Tuy thude loai nhidn lidu, dac biet la thanh ph£n hoa hoc dd chon xuc tac, chon didu 
kidn c 6 ng nghd. 

C) day gidri thidu m 6 t day chydn cho nhidn lieu naphta. Nhidn lieu long qua nen ldn 4,9 
MPa, qua truydn nhidt dat 85°C. Tr 6 n khi h 6 n hop N 2 - H 2 , qua gia nhidt ddn 420°C; qua 
thidt bi hydro hoa, chuydn luu huynh htfu co sang dang H 2 S, qua khir H 2 S bang oxit kem, bo 
sung hoi nude, gia nhidt ddn 500‘’C, voii ty Id H 2 0 : C = 3,5 : 1 ; hd co nhidt d 6 470°C, ap 
suit 3,85 MPa, din vao chum 6 ng xtic tac, trong d<3 day xuc tac; sau phan ting ham luqng 
giam tod 10 % (tfnh theo gdc khO) - nhidt d 6 khoang 780°C. 

Tiep tuc chuydn hoa buoc 2 bang b 6 sung khdng khi thuc hidn phan tfng chay. 

Cu 6 i ciing dirqc khi san pha’m co thinh phin: H 2 : 52,5%; CO: 13,8%; C0 2 : 11,4%; 
CH 4 : 0.5%; Ar: 0,3%. 

Thidt bi chu ydu la 16 chuydn hoa. COng nhu v 6 i chuydn hoa metan, hinh thiic 16 dung 
r 6 ng rai nhat la loai 16 6 ng. Vch hd nang suit c 6 1300 tin NH^/ngay. Luqng diu naphta tieu 
hao co 30600kg/gi6, hoi nu 6 c c 6 137,2 tin/gid. Lo g 6 m khoang 300 dng xuc tac, dtrftng 
kfnh 6 ng 107/134,2 mm, cao khoang 13 m, chtra 33,5 m 3 xuc tic, nhiet d 6 thanh 6 ng khoang 
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837°C (theo tinh loan), nhiet dd budng gia nhiet khoang 1100°C. 

Ngoai ra cung dung loai [6 doan nhiet, ting xuc tic thu nhi't chua 6,7 m 3 xiic tac, 
chiiu cao 610 mm. 

Ddi vdri diu mazut, hoic can diu, dung phucfng phap oxy h 6 a khdng hoan toan de che' 
tao hydro. 6 diy thue hidn nhOng phan tmg co ban sau: 

C„H m + (n + y )0 2 -► nC0 2 + H 2 0 + Q 

C„H m + |0 2 mCO + f H 2 - 0 
C n H m + nH 2 0 nCO + (n + y) H 2 - Q 

Th 6 ng thudng phan ting di£n ra trong miin nhiet dd: 1300 +• 1350°C, ap suit: 2 + 3 
MPa. Thanh phin khi san phim CO + H 2 = 92 + 96%. Uu di£m cua phuong phap nay la co 
thd su dung moi loai nhidn lidu long, tharn chi co nhi£u tap chat. Song diu tu ldn, buoc phai 
co thdm mpt he phin ly khdng khf. Thudng chi dung dd ch£ tao hydro til cac co sd luydn dau 
mo, khai thac diu can lam nguydn lieu ch6 H 2 . Loai diu nay la chat thai trong qua trinh 
chung chin kh 6 ng diu ning. Phi diem cao, trong midn 525°C. Hoic san phim cua qua trinh 
cracking xuc tac, nang ham lupng xang... 

Thudng che tao 1 tan NH 2 cin 0,75 + 0,8 tin diu nang hoac cin lam nguydn lieu, 
khoang 0,25 tin cho san hoi nude va didn nang. 

Co diy chuyen TEXACO, diu can qua tinh che d 7,2 + 9,0 MPa, dau can, hoi nude, 
oxy phan ung d 1350 U C, ap suit 8,8 MPa dupe san phim chid'm 46% H 2 , 47% CO, 4% C0 2 . 

Ngoai ra mdt s6 diy chuyin khac, cd mdt chdt khac bidt nhu Shell, Koppers-Totzek... 

Cong nghd Shell tuong tu edng nghd TEXACO, lam vide d ap suit 3,5 + 6 MPa. Dau 
nang dupe gia nhidt, bom vio 16 khi hoa cung vdi hoi nude cao ip, oxy da qua gia nhiet. 
Phan umg didn ra d nhidt dd 1200 + 1500°C. San phim cua khf hoa cd thanh phin 46% H 2 , 
47% CO, 4% C0 2 (tinh theo gdc khd) mdt lupng nho H 2 S va N 2 , ngoii ra edn mdt lupng nho 
than - huydn phb trong hi khi. Sau dd qua xir ly tuong tu nhu qua trinh khi hoa than. 

Nhieu co sd kht hoa than cam bang 16 tang s 6 i hoac 16 phun, co th£ sua ddi chuyen 
sang khi hoa diu nang. 

Chinh vi viy, mdt sd nha edng nghd cho ring: phuong phap nay, cung nhu phuong 
phap khi hod than cam la nhflng phuong phap cd uu thd die bidt; diy chuydn, thie't bi cd thd 
sir dung nhiiu loai nguydn lidu mdt each uydn chuyen. 
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Chircmg IV 

KHLTHdP CHAT SLINFIJA KHOI H6N HdP KHI NGUYEN LIEU 


Noi chung, cho du dung nguyen lieu nao, hoac nhidu ho2c ft khi san pham deu co hop 
chat cua sunfua. Vdi nhidn lieu ran, thudng gap hai loai hop chat cua sunfua: hop cha't v6 co: 
chu ydu la H 2 S; mot loai khac la hop chit huu co: nhu CS 2 (sunfua cacbon), COS (sunfua 
oxit cacbon), mercaptan RSH. 

Ham luong, ty Id cac cau tu nay thay ddi tuy theo dang cua hop chat luu huynh trong 
cic loai than. Cac hop chat luu huynh hdu co nay, trong qua trlnh kh( hoa than deu chuyen 
thanh H 2 S vi v2y 90% S trong than chuydn thanh H 2 S. Van de khir hop chat sunfua trong khi 
than, chu y£u la khu H 2 S. Vi du trong khi than udt ham luong H 2 S tcri I + 3g/m\ 0,2 g/m ? S 
huu co. 

Khu H 2 S nhim bao vd xuc tac trong nhung cong doan tid'p theo, ngoai ra trong phong 
chdng 6 nhidm moi trudng, mbt hang muc quan trong cung la khir H 2 S. 

Hidn nay trong cdng nghiep dung phd bien nhung phuong phap sau: 

- Phuong phap khd: dung the ran c6' djnh H 2 S sang dang cac hop chit sunfua cua kim 
loai hoac dang ha'p phu; phuong phap dung oxit sat, oxit kern, zeolit, than hoat tinh. 

- Phuong phap dung dung dich: thuc hidn phan tmg hap thu hoa hoc. 

- Co phuong phap trung hoa nhu: dung kidm nong, ruou gd'c amin, kiem huu co, hoac 
nude amoniac loang... de ha'p thu H 2 S, thuc hidn nha H 2 S theo phan trng nghjeh. 

- Co phuong phap oxy hoa: dung dung dich kiem - Acsenic, polythionat, antraquinon - 
disunfonic - axit... thuc hidn phan trng oxy hoa trong pha long vdi dung dich nude amoniac 
kern xuc tac pha long, duoc S nguydn td. 

- Co phuong phap ha'p thu vat ly: bang dung dich metanol d nhidt dd tha'p. 

I. NHfTNG PHUONG PHAP KHO KHLT H 2 S 

1. Phtrong phap dung oxit sit ngam node - thuc chat la Fe(OH) 3 

Trnh theo goc khd, chat ha'p phu g6m 50% Fe 2 0 3 trong do 70% la oxit sat hoat tinh. 
Trong mdi trudng kiem thuc hidn phan ting: 

2Fe(OH) 3 + 3H 2 S -► Fe 2 S 3 + 6H 2 0 + 21 kJ/kmol S 
mdt phin nho theo: Fe 2 S 2 2FeS + Si 

Thudng trdn quang oxit sit vdi mun cua theo ty Id 1 : 1, bd> sung vdi vdi luong khoang 
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0,5% trong lupng oxit sit nham chuy^n chat hip phu ve mdi trudng kilm: (pH = 8 + 9), phun 
nude Im den 30 + 40%. 

Trong mdi truing trung tinh se diSn ra theo phan ting: 

2Fe(OH) 4 + 3H 2 S -► 2FeS + S + 6H 2 0 

Phan ting nay didn ra rlt cham, kh6ng co gia tri ting dung; trong m6i trudng axit, tao 
sunfat khong tai sinh dupe. 

Sau khi hip phu, tidn hanh phan ting tai sinh: 

2Fe 2 S, + 30 2 + 6H 2 0 -► 4Fe(OH) ? + 6Si + 201,9 kJ/kmol S 
4FeS + 30 2 + 6H 2 0 -► 4Fe(OH) 3 + 4Si 

Trong didu kiln ham Im > 30%, thdi khdng kh( qua chit hip phu, d nhiet dp 28 4- 
30% phan ting tai sinh tach S. Thdng thudng do phan ting tai sinh toa nhilt, lam bay nude 
khoi chit hip phu, td'c dp tai sinh cham din. Vi vly trong nhting thiet bi hip phu loai thap 
Ion, trude khi thdi khdng khi nguPi ta thudng phun thfem hoi nude. Tdi khi oxit sit hoat tinh 
lln S tai sinh ldn den ham lupng S dat 50%, co the chuyfen tdi ddt ciing pyrit d nha may san 
xua't H 2 S0 4 . 

Hien nay, ngoai nhting co so san xult nho dung phucrng phlp phoi ngoai nlng nhlm 
thuc hiln phan ting tai sinh trong tu nhiln, con thuc hidn trong thiet bi. Phd bien hiln nay co 
hai loai: 

Loai hinh hpp, tiet didn khoang 50 m 2 , cao 1,5 + 2 m, gdm bdn Idp chit ha'p phu, mdi 
ldp day 400 4- 500 mm. thdi gian tiep xuc khi - rln khoang 130 4- 200 giay, tdc do dong chay 
cua khi' than: 5 4-8 mm/gily, sau hip phu, ham lupng S trong khi than xuong tdi mtic 0,1 4- 
0,2 g/100 Nm 3 . Trd luc ting hip phu vao khoang 1250 4- 2500 Pa/1 m chieu cao. 6 nhting 
co sd Idn thudng dung loai thap vdi dudng kfnh cd 6000 mm vdi cac ldp chit hip phu day 
500 mm. Loai thlp co dudng kfnh 4000 Nm'Vgid vdi ham lupng H 2 S khoang 8 g/m 3 (thap 
Thysen - Lenze), cung cd noi dung thidt bi lifin tuc. 

Dung oxit sit, song song vdi khu H 2 S; nlu trong khi co HCN co thl bi hip phu theo 
phan ting: 

3FeO + 2Fe 2 0 4 + 18HCN -► Fe 4 [Fe(CN) 6 ], + 9H 2 0 

6 dly gidi thieu mdt sd edng nghl dung cho mdt sd chat hip phu: 

Loai nhilt do thudng: Fe 2 0 ? : 50%, dang spi <J> 6 x 5 ~ 15, khdi lupng ridng: 0,7 4- 0,8 
kgA, bl mlt rieng 80 m 2 /g, lupng S tich luy den cue dai: 50%. 

Dieu kiln lam vile: ap suit: 0,1 4 - 3 MPa, nhilt dd 20 4 - 40% toe dd khong gian 300 + 
800 gid" 1 , tai sinh d 30 4 - 60°C. 

Mdt sd' edng trinh nghidn ctiu dua ra mdt sd phuong trinh ddng hoc nhlm tinh tdc dd 
ciia qua trinh hip phu - song kha nhieu thdng sd thuc nghiem nen thuc te khi tinh loan vin 
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dya theo s6 lifeu thuc nghifem. 

Phuong phap kh6 nay co uu dife’m la phan ting mot chieu, do viy nfeu thcri gian du dai, 
co th£ ha'p phu den triet d£; song do phan ting toa nhifet nen chu yeu dung cho h6n hop khi 
co ham lupng H 2 S tha'p. Trubng hap ngupc lai thudng sir sung phuong phap hap thu trudc va 
hap phu sau. 

2. Pht/dng phap dung than hoat tinh lam chat hap phu 

Thuc chat ciia phuong phap nay la thuc hifen phan ting chay khong hoan loan gitia H 2 S 
va oxy trong khi than da bi hap phu trfen than hoat ti'nh, trong su co mat cua mot chtit khi 
NH 3 , dong vai tro nhu xtic tac, va su hien difen cua hoi nutic ngung tu: 

h 2 s + i o 2 -► s + h 2 o 

Vdi htfp chit hOu c a cua sunfua cung vay. Vi du vdi COS: 

cos + - o 2 -► co 2 + s 
2 2 2 

COS + 20 2 + 2NH 3 + H 2 0 -► (NH 4 ) 2 S0 4 + C0 2 

Thudng bd sung oxy - nfe'u trong khi than con thifeu, voi mot lupng bang 150% he s 6 ty 
lupng, dp im tuong dPi 70%, lupng NH 3 bang 2 + 3 ldn luong hop chat luu huynh huru co 
trong khi than. 

Cung nhu die diem chung cua phuong phap khO, phuong phap nay chi su dung cho 
cac loai khi c6 ham lupng H 2 S thip (< 3-5-5 g/m 3 ), nhSm khO'ng che nhifet dp hPn hop khi 
sau khi tinh ch£ 0 dudi 50°C. 

Khi ham lupng luu huynh dat 50 * 150% trong lupng than, dung sunfua amon [(NH 4 ) 2 S n - 
dung dich nude] hoa tan S trong than (hoac goi lit qua trtnh chiet). Polysunfua amon nay, 
qua gia nhifet lai tach ra S vdi thu£n dp den trfen 90% va dung dich qua lam lanh, tuan hoan 
quay trd lai chu trinh. 

Phuong phap nay co th£ ha ham lupng H 2 S xuPng < 56 ppm. 

Vdi loai thung h£p phu co D x H = 4520 x 4425, dat 10-5- 11 tain than hoat tfnh, ap 
sua't 49 kPa, nhifet dp < 45°C; cd th£ xii ly lupng khi than co ham lupng S: 5 g/m 3 la 5000 -5- 
6000 Nm 3 /gid, tifeu tP'n oxy 5-5-6 Nnv/gid - sau 15 ngay tai sinh mpt lin. 

3, Phifdng phap khiir H 2 S being zeolit 

Phuong phap nay sir dung 6 cac co sd san xui't quy m6 nho. 

Zeolit phdn ldn lit aluminosilicat Na ho3c canxi dang c2iti trtic tinh th£ lap phuong; sau 
khi nung, nude kfe't tinh bay hoi, cSti trtic tinh thfe van khdng thay d6i, khPng sip xfe'p lai 6 
mang, hinh thanh ciu true mang hlnh hoc, cac 16 trd'ng, cac mao quan n6'i vdi nhau, chife'm 
khoang 1/2 thfe tfch tinh th£. 
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Chmh cac mao quan nay co tac 
dung hap phu. 

C6 3 loai ha'p phu chon loc. Ha'p 
phu chon loc dua vao su khac nhau ve 
kich thudc phan tu; dua vao su khac biet 
v4 dd bao hoa cua cac cacbua hydro, dua 
vao ti'nh ludng cue cua phan tu. Hap phu 
H 2 S chmh la loai thur ba nay. Vi dd phan 
cue cua H 2 S ldn hon cac ciu tu khac 
trong h6n hop khi than nen hip phu 
manh. Hinh 4.1 cho tha'y quan he gitia 
luqng H 2 S da bj ha'p phu thay d6i theo ap 
suit can bang (ap sua't ridng phin a trang 
thai can bang) va nhiet do trdn cha't hap phu. Chi co di£u riftng dd phan cue cua H 2 0 cao hem 
H 2 S nen trude khi hap phu H 2 S, can lam sach H 2 0 bang each ghep nd'i ti£p hai hay ba thap 
ha'p phu. Mdt difem nua la C0 2 cung d6ng thdi bj ha'p phu. Ha'p phu cho den khi bao hoa 
C0 2 , tach chung dua vao su khac bifit ve toe dd ha'p phu. Trong edng nghiep thudng dung 
Si0 2 



loai 4A (NaA) ty le 


A1 2 0 3 


= 2 . 


Dudng kfnh mao quan 40 hoac 10X - khu sunfua hOu co (Ca 2+ thay the' cho Na + trong 


NaX), ty le 


SiO 


2 _ 


A1 2 0 3 


= 2,5; dudng kinh mao quan 8 90. Thubng qua trinh tSi sinh diing 


phuong phap nha bang khi nong, 6 nhiet dd trong mien 200° 350°C. 


II. NHUNG PHITONG PHAP lT6T KHlTH 2 S 

NhQng phucmg phap udt - Ha'p thu bang dung dich, thuemg la phan ting hai chi£u, 
khdng khfr triet de S nhu phucmg phap khd, song do c6 th£ ha nhiet dd phan ting bang tang 
mat dd phun dung dich, nen khac phuc duqc nhuqc di£m cua phuong phap kh6, do vay 
thuemg thich hop cho qua trinh xu ly khi co ham luqng H 2 S cao ke't hop sau do vdi phuong 
phap kh6 khu H 2 S. 

1. Hap thu blng dung djeh Na 2 0O 3 - nude - phuong phap Seaboard 

Vdi n6ng dd H 2 S tu 1 3%, thuc hien phan ung: 

Na 2 C0 3 + H 2 S -► NaHS + NaHCO, 

Qua trinh hip thu, thuc hien phan ting thuin vdi mat do tudi 6^-8 1/m 3 khi. 

Qua trinh nha, thuc hien phan ting nghich, th6i H 2 S ra khoi he bang khdng khi, Iuu 
luqng khdng khi 300 m 3 /m 3 dung dich. 
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Khf H 2 S loang thdi ra khdng khf, dung dich tii sinh quay trd lai phun vao thap. Hieu 
suit thdi tach H 2 S dat 80 + 90%, ton that 1 + 2 Na 2 COVm s khf. Phuong phap nay it dung 
cho hi£u qua kern, 6 nhidm mdi tnrcmg. 

Hidn nay con co mot sd noi thay this bang dung djch K 2 CO^ vdi n6ng dd 15 + 20%, 
thuc hi£n phan ting tuong tu nhu tr£n d ap suit thudng hoac d ap sua't 8 + 18 ata: 

K 2 C0 3 + H 2 S “► KSH + KHCO, 

Va qua trinh tai sinh theo phan ting sau, trong dong khf thdi H 2 S la C0 2 
KSH + C0 2 + H 2 0 -► KHCO ? + H 2 S 

2KHCO ? -*■ K 2 C0 3 + C0 2 + H 2 0 

hoac thay vi dung C0 2 , dung hcti nude de thuc hien phan ung tai sinh d nhiet dd 70°C, 
ap suit 0,12 + 0,2 ata. Do ndng dd kiem cao, dd hoa tan cua KHCO^ va K 2 CO^ ldn hon so 
vdi mudi gd'c natri ndn td'c do phan ung ldn hon, hieu suit khur H 2 S dat tr£n 90% tham chi tdi 
98%, them nua d 75°C td'c dd hip thu rat cao, dd la co sd cua phuong phap kiem nong 
(Benfield). 

MOt s6 co sd san xuit con dung dung dich NH 4 OH Dm chit hip thu, die biet nhung 
co sd xir ly H 2 S trong khi noc Id cok hoa than. Vi nguyin lam vide tuong tu nhu diing 
kiim. 

Mot sd' co sd san xuit, vf du trong giai doan mdi xiy dung - Cdng ty Dam Ha BSc da co 
mdt phin xudng hip thu dong thdi H 2 S va C0 2 bang rupu gdc Amin. Vf du monoetanolamin 
(CH 2 CH 2 OH)NH 2 .(RNH 2 ); dietanolamin (CH 2 CH 2 OH) 2 .NH(R 2 NH); hoac trietanolamin 
(CH 3 CH 2 OH).N(R^N). Vin de niy se dupe ban ky hon d phin lam sach C0 2 h6n hop khi than. 

Hau hit nhung^phan ung trdn deu tai sinh nha H 2 S, lai phai xir ly tifip de bao v£ mdi 
trudng. Vi viy khuynh hudng gin diy la phuong phap hip thu - thuc hidn phan ung chay 
ngim, oxy hda H 2 S thinh luu hu$mh nguyen td. 

2. Phuong phap hap thu being dung djch kiem acsenic (Thylox) 

Co sd cua phuong phap la thuc hi£n phan ung: 

Na 4 As 2 S 5 0 2 + H 2 S -*► Na 4 As 2 S 6 0 + H 2 0 (1) 

va Na 4 As 2 S fi O + H 2 S —>■ Na 4 As 2 S 7 + H 2 0 (2) 

Tdc dd cua phan umg (1) nhanh hon nhiiu so vdi phan ting (2). VI viy sir dung dioxy- 
tioacsenat natri (Na 4 As 2 S 5 0 2 ), qua qua trinh hip thu trong thap hap thu, san phim ducrc hinh 
thinh chu ydu la monoxitioacsenat natri (Na 4 As 2 S 6 0). Tuy luong khf xu ly, ndu dung thap 
ddm, hieu suit hip thu co the dat 95 + 98%. 

Sau hip thu tien hanh phan ting oxy hoa - tai sinh dung dich hip thu d 35 + 40'’C: 

Na 4 As 2 S fi O + — 0 2 ^ Na 4 As 2 S 5 0 2 + S 
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Loc tach luu huynh, dung dich lam lanh dura trd ve day chuy 6 n. 

Trong cong nghidp, ngudi ta ch£ tao dung dich bang each hoa tan As 2 0 3 trong dung 
djeh s 6 da: 

As 2 0 3 2Na 2 C0 3 ^ Na 4 As 2 0^ + 2C0 2 

Sau do thdi H 2 S vao dung dich tao tioacsenat natri - trong cong nghiep goi la qua trinh 
bao hoa dung dich acsenat kidm: 

Na 4 As 2 0 5 + 5H 2 S —► Na 4 As 2 S 5 + 5H 2 0 
Trong qua trinh tai sinh, vdi khdng khi (0 2 ) thdi vao dung dich - hinh thanh dioxy 
tioacsennat natri: 


N 3 . 4 AS 2 S 5 + 02 ^ 

Na 4 As 2 S 5 Q 2 

Vdi pH trong khoang 8 + 8,2 phun vao thap hap thu va tuin hoan trong mot chu trinh 
hap thu - nha dung dich mdi thudng co ndng do 7 + 10 g As 2 0 3 trong 1 lit nude - lupng 
kiem du gitf pH khoang 8 - 5 - 8,2. Dudi day neu mot sd' s 6 ' lieu coi nhu nhdng thdng s 6 cong 
nghe cua phuorng phap nay. 

He so chuyen khoi trong ha'p thu: 

2,5 - 3,5 g H 2 S/m 2 x gid (d 30°C) 

Hiftu suit sir dung dung dich so vdi ly thuyd't 

30 + 50% 

Thdi gian tai sinh (6 40°C) 

45 -r 50 phut 

Cudng do thdi khdng khi m 3 /m 2 ti£t dien thap 

215 

Hieu sua't tai sinh 

75% 

Ung vdi lupng khi: 

7,5 v 8 m /m dung dich 

Hidu sua't khii S: 

90 98% 

Tidu ton As 2 0 3 tring kg/ta'n S 

5 4- 6,5 

Xdda kg/ta'n S 

300 + 500 

Hoi nude tan/ta'n 

6-^7 tan 

Dung dich acsenat la mdt dung dich doc song co hieu qua. Tuy vay ngay cang it sir 
dung phuong phap nay, cac khi mang tinh axit khac nhu HCN cung dupe khir sach. 


3. Phuang phap dung muoi amoni 

Tucmg tir phirong phdp trdn - thude nhom phudng phap dung dung dich polytionat, 
ngudi ta edn dung polytionat amoni nhu tetra hoic tritionat amoni, ha'p thu d 6 ng thdi H 2 S va 
NH 3 : 

(NH4) 2 S 4 0 6 + 2NH-, + H 2 S 2(NH 4 ) 2 S 2 0-, + S 
(NH 4 ) 2 S30 6 + 2NH 3 + H 2 S 2(NH 4 ) 2 S20 2 
vdi ty le NH 3 : H 2 S = 2:1 td'c do phan umg la Idn nhat. 
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Sau khi hap thu, tien hanh tai sinh. Qua tnnh tai sinh hinh thanh sunfat amon va S. Co ch£ 
ciia phan ling kha phiJc cap. Co y kien cho ring budc diu cua tai sinh la phan urng gitfa S0 2 - 
san pham cua qua trinh phan huy d dieu kien nhiit do cao vdi dung dich san pham hip thu: 

(NH^O* -► (NH4) 2 S0 4 + S0 2 + S 
(NH 4 ) 2 S 4 0 6 -► (NH 4 ) 2 S0 4 + S0 2 + 2S 
4(NH 4 ) 2 S 2 0 3 + 6S0 2 2(NH 4 ) 2 S 2 O fi + 2(NH 4 ) 2 S 4 0 6 
hoic trong phuong phap hyrohax tai sinh trong khdng khi 

(NH^SjO., + 20 2 + H 2 0 -► (NH 4 ) 2 S0 4 + H 2 S0 4 
H 2 S0 4 + 2NH 3 -► (NH 4 ) 2 S0 4 

4. Phuong phap dung antraquinon disunfonic axit (ADA) 

La phuong phap hiin dang sir dung tai C6ng ty Dam Ha Bic, co cai tiin chut it bang 
dua thim dung dich tanin thifin nhi£n (khoang 66% tanin) mot thanh phin co nhiiu nhom 
phenol co hoat tinh cao, d£ oxy hoa thanh hop chat quinon. Diy la mdt phuong phap co hifiu 
qua, don gian, diiu kien c6ng nghi kha 6n djnh con goi la phuong phap Stretford. Chit hip 
thu chu yiu la dung djch 2,6 va 2,7 antraquinon disunfonic va xdda bo sung tartrat kali natri 
(NaKC 4 H 4 O fi ) va khoang 0,12 + 0,28% metavanadat natri (Na 2 VO ? ) nhu m6t chat xuc tac. 

Phan umg hap thu tien hanh nhu sau: 

H 2 S + Na 2 VOi NaHS + NaHCO, 

2NaHS + 4 Na 2 VO, + H 2 0 -► Na 2 V 4 0 9 + 2S i + 4 NaOH 
Na 2 V 4 0 9 + 2A.D.A (trang thai oxy hoa) + 2NaOH + H 2 0 —*■ 

—*■ 4Na 2 VO^ + 2A.D.A (trang thai khfr) 

A.D.A (trang thai khir) chuy^n sang trang thii oxy h6a trong thap tai sinh: 



A.D.A 6 trang thai khu A.D.A b trang thai oxy hoa 

Nhu viy trong qua trinh tai sinh A.D.A, Na 2 C0 2 . Na 2 V0 3 d£u duqc tai sinh hinh 
thinh dung dich hap thu, tuan hoan tro lai hip thu. 

6 gia trj pH cao (tot nhit pH > 9,5), toe do cua phan ung hip thu cang cao. Trong 
nhGng nim gin diy, do gia ADA cao, Trung Qu6c da dua dung dich tanin inch ly (san phim 
trfch ly tir mot so cay, vo cay, vo qua - tanning extract) - nhim cung cip hop chit quinon 
thay thi mot phdn ADA. 
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Nhfmg day chuydn c6ng nghe cua cac cong nghe ha'p thu. tai sinh oxy hoa thanh S to 
nlurng net tuong lu. Hinh 4.2 gicfi thieu mot diiy cluiyen di&ti hinh. Cung co the 1 coi nhit phei 
bien ddi vo'i cong nghe nay. 



Hinh 4.2 

Khf than di vao thap hap thu (1), dung dich h&p thu phun ttr dinh thap. Sau khi h4p 
thu, dung dich qua bom (13), hoac tu<in hoan vfi (l) hoac trfch mot phiin dt tai sinh, pfefct 
nay qua nang nhiet do irong thitft bi truy6n nhi£t (3), vao thap tai sinh (2). Khong khi ttr may 
nen (14), qua tach dau (15), gia nhiet (16) thdi vao day thap tai sinh. Dung dich huyen phu 
S. qua lani sach (5), loc (6). Phan Uni huynh vdi thuan do tren 99%, qua dun nong chav (10), 
rt& khu6n; ph;tn dung dich qua lam lanh (7); hoi nhftp vdi dung dich nidi pha trong thting pha 
ch6 (11), qua bom (13) dtra trd lai thap hap thu (2). 

Tuong nr phuong phap nay, mot phuong phap dupe dung kha ph6 bien d£ khu ITS 
trong khf than - khi dinh 16 cok, trong co nhieu NH 2 - do la phuong phap Takahax, sir dung 
1,4-2-sunfonat amon nhu mot chair xiic tac (NQ). 

Trudc het phSn NH-, trong khi than bi hap thu: 

NH 3 + H 2 0 NH.OH 

Sau do dung dich nude amoniac hhp thu H-.S: 

NH 4 OH + H 2 S -> NH 4 HS + H 2 0 
VaneucoHCN: NH 4 OH + HCN NH 4 CN + H 2 0 
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OH 


Dirdi tic dung xuc tac tach ra S: 




cung ti£n hanh tai sinh trong thap tai sinh, th<$i kh6ng khi': 

nh 4 hs + -o 2 nh 4 oh + s 
2 


nh 4 cn + s 


NH 4 SCN 


NQ tai sinh: 



T6c do ciia khi than trong thap hap thu vao khoang 0,49 m/s; mit do tuofi 59 m 3 /m 2 xh, 
ty l£ long/khi = 38 l/Nm 3 , m6i Nm 3 khi can 1 m 2 diSn ti'ch hip thu. Thtrc ra phuong phap 
nay chi co hi£u qua khi trong khi than co du NH 3 . Tot nhat NHi/H 2 S (ty 16 khoi luong ) > 
0,7. Khi do hi£u suit khir S dat khoang 90%. 


5. PhiTdng phap Fischer 

Chu yiu dung dung dich hip thu g6m mu6i ferricyanua (20%), KHCO^ (6%), dung 
dich qua dien phin chuyen Fe trong ferricyanua (hoa tri 2), len ferricyanua (hoa trj 3); dong 
thdi bicacbonat kali thanh cacbonat kali; 

2K 4 Fe(CN) 6 + 2KHC0 1 -*► 2K 3 Fe(CN) 6 + 2K 2 C0 3 + H 2 

Sau do tien hanh phan ung hap thu H 2 S: 

2K-,Fe(CN) fi + 2K 2 C0 3 + H 2 S -► 2K 4 Fe(CN) 6 + 2KHCO, + S 
hoic phan ting tOng quat: H 2 S —► H 2 + S 

Phucrng phap nay su dung rong rai cho qua trinh lam sach khf than udt phuc vu cho 
phan ting Fischer - Trop. 

Cung loai phuong phap nay co phuong phap sir dung dung djch amoniac loang co 
ferrocyanua kali. 

• Phuong phap statsmijnen - Otto: 

Fe 4 {Fe(CN) 6 ] 3 + 2H 2 S + 4NH-, = 2Fe 2 [Fe(CN) 6 ] + (NH 4 ) 4 [Fe(CN)*] + 2S 

Xanh Berlin (Lazur) oxy hoa H 2 S thanh S, chuyin ferro thanh ferricyanua. Loc dung 
dich liy S, sau do tai sinh trong ddng khbng khi. 
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2Fe 2 [Fe(CN),J + (NH 4 ) 4 [Fe(CN) fi J + 0 ; Fe 4 [Fe(CN) A ] 3 + 4NH-, + 2FKO 

Tirong tu nhir tren, dung dich tuan hoan tr a lai tMp hap thu. Nhu da bill irong khi 
than con lini huynh a dang hap ch-tft hGU ca. Trong khi than 4fn, ham luang S chu yeu a dang 
H 2 S; trong khf than not tv 16 S a H 2 S/S d hap chat turn ca = 3 + 6; troug khf dinh lo cok eang 
it. ty le nay ca 10 -r 12. 


Phan hull ca thiremg gdm 

CS 2 

50 * 70% 


COS 

10* 20% 


Tioptien 

10*20% 


Mercaptan 

5 * 10% 


Trong qua trinh khu H 2 S bang cac pinion g phap ke tren - hau het luu huynh him ca 
cung bj hap thu het. VI v£ykh6ng dat via de nay trong diy chuydn c6ng nghe. Cung tirong 
ill nhu vay v6i hop chat HCN. 

6* Cac phLfdng phap hap thu vat ly 

Phuang phap nay chu yen dung rite ranch hap thu H 2 S, C0 2 , Itm huynh hflru ca. hop 
chat cyanua, cac hap chit him ca khong no. 6 ap suit khoang 2.1 MPa. phun metanol a 
nhiet do -70 n C; cac chit khi tren hoa tan kha nhiiu trong dung dich phan cue. 

H5n hap khi than, qua thiet bi lam lanh gian tiep bang khi lanh sau imh che, dua vao 
thap hip thu. a phin thap thu (lb), tiep xuc voi metanol a -70 l C sau hip thu. nhiet do dung 



Hinh 4.3 


CO,. 


Khi than 


1b. thap hap thu Ian thCf I d nhiet do thap (-70°C)> la. thap hap thu lin II d nhiet do cao hdn (-35°C); 
2, thap tai sinh sau hap thu thti nhat; 3. thap tai sinh cuoi cung; 4. thiet bj lam lanh; 5. thiil hi thu hoi 
nhiet; 6. thiet bj lam lanh khi than; 7, 8. bdm dung d|Ch hip thu; 9. bom chan khong 
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djch tang lSn -20°C, qua giam ap xudng 0,1 MPa tach ra C0 2 va H 2 S; dung dich giam nhi£t 
do xudng -35°C, tiep tuc dua qua thap hip thu la (ph^n 2); dung dich sau ha'p thu lai dua 
qua tai sinh d ap suat 0,02 MPa (thap 3), nha toan bo C0 2 sau do lam lanh ve lai h&'p thu. 

Thuc ra theo vdi su phat tri&i cua c6ng nghe, ngay cang nhi£u phuong phap lam sach 
khi ra dbi. 

Nfi'u dung phuong phap kh6: nhu oxit sat, than hoat tinh, zeolit... can luu y ddn toe do 
phan ung th&'p, thidt b| nang nd, c6ng kdnh; chi dung khi ndng dd thap. 

Ndu dung phuong phap hap thu - nha H 2 S; c£n luu y, the nao phan umg cung qua khau 
can bang pha va can bang dien ly: 

H 2 S (khi) ^ H 2 S (long) ^ H + + HS 

Nhu vay c&n dung dich kiem, pH > 9, song chu y ddn kha nang tai sinh cua dung 
djch, gia tr| pH cua dung dich ft thay ddi trong qua trinh hap thu (dung dich dem). Thudng 
tot nhat la dung dich mudi kidm manh - axit yfi'u vi du Na 2 C0 2 , K 2 CO s , hoac mudi ki6m 
yeu, nhu ruqu gdc amin... 

- Vdi phuong phap h£p thu kern phan ung oxy hoa trong pha long - van de la chon mot 
chit mang tinh chat nhu cha't xuc tac, chuyen gian tid'p oxy trong khdng khf oxy hoa H 2 S - 
mot chat co kha nang oxy hoa - khir theo su thay doi cua di<lu kien phan ung. 

- Vdi S h0u co: qui trinh khi hoa trdn 1100°C hSu het d4u chuyen sang dang H 2 S, nhu 
vay S huu co chu yeu gap trong khi ra khoi noc 16 cok, trudng hop ham luqng Idn thudng 
qua bude chuyen thanh H 2 S tren xuc tac sau khi ha ham luqng H 2 S xuong 0,1 + 0,2 g/100 
Nm\ thuc hifin b 125 - 200°C 

CSj + 2H 2 0 2H 2 S + C0 2 (xuc tac A1 2 0 ? ) 

CS 2 + 4H 2 —*■ 2H 2 S + CH 4 (xuc tac A1 2 0 2 pha oxit sdt, oxit molipden) 
2CS2 + 6H 2 -► H 2 S + C 2 H 4 

Vdi qua trinh khi hoa than, thudng khdng quan cam dfe'n cac hop cha't nay. Tuy vay 
trong nhung nam gdn day, mdt quan didm duqc nhi£u nude ung ho la: diu mo va khi thien 
nhidn co tru luqng ldn - san xuat nhidn lidu cung nhu san pham cua phan ung tdng hop tit 
nguon nay co gia tri kinh td cao; tuy vdy luqng sir dung qua ldn, se sdm can kiet. Hoa hoc 
than lai trd lai vj tri hang dau cua no. Vi vay nghidn cuu nhung cong nghe hoac true tiep hoa 
long nhi£n lidu than bang phuong phap hydro hoa than nhu edng nghd ITSL (Intergrated two 
stage liquifaction process), hoac SCE (supercritical solvent extraction process), hoac gia 
edng lien hop (coprocessing)... ; d day va'n de hydro hoa khir hop chat S trong than dua tren 
xuc tac Mo.Co trcr thanh mdt hang muc quan trong. Hoac nhu phuong phap hoa long gian 
tidp, qua bude chuyen than thanh CO, H 2 nhd khi hoa. Vi du thuc hien tong hop Fischer - 
Tropsch; chuyen hoa metanol thanh cacbua hydro nhien lieu (MTG) theo cong nghe Mobil. 
Van de khir luu huynh huu co tr£n xuc tac trd nen quan trong. 
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III. XUC TAC HYDRO HOA TRONG KHtf S HCH CO CUA NGUYEN LlflU 
CACBUA HYDRO 


Khi cacbua hydro trudc khi gia cdng bang reforming xuc tac - c£n khu h£t S, tranh 
ngd ddc xuc tac. Trong nguyen lieu co luu huynh huu co; trudc h£'t phai chuyen chung thanh 
H 2 S d£ tifin khtr bo mdt each d6 dang hem. 

Phucmg an la sir dung cdng nghd hydro hoa tren xuc tac, thuc hifin cac phan ung: 

COS + H 2 ^ CO + H 2 S 

C 2 H 5 SH + H 2 C 2 H 6 + H 2 S AH 2 9 g = -70,2 kJ/mol 

C 6 H 5 SH + H 2 QH 6 + H 2 S 


CH 3 SC 2 H 5 + 2Hj^ CH 4 + CjHg + H 2 S 
CH 3 SC 2 H 5 + 3H 2 ^ 2C 2 H 6 + 2H 2 S 


C 4 H 8 S + 2H 2 ^ C 4 H 1() + 2H 2 S 

C 4 H 4 S + 4H 2 ^ C 4 H I() + H 2 S - 120,2 kJ/mol 


Ngoai ra con co mot so phan ting phu khac, nhu phan ung giOa H 2 va 0 2 (n£u co). 
phan ting metan h 6 a giOa CO va H 2 , phan ung nghich cua chuyfin hoa CO (giua H 2 va 
C0 2 )... 

Thdng thudng hydro hoa, chuyen thanh H 2 S, sau do khu bang ZnO. 

Trong cdng nghi£p thudng sir dung xuc tac CoO, M 0 O 3 tr£n chit mang y-Al 2 0-,. Qua 
H 2 S - sunfua hda d nhidt dd khoang 350°C: 

Mo0 3 + 2H 2 S + H 2 -► MoS 2 + 3H 2 0 

9CoO + 8 H 2 S + H 2 -► CoySj, + 8H 2 0 

cung co th 6 dung CS 2 lam chat sunfua hda 

Mo0 3 + CS 2 + 5H 2 ->■ MoS 2 + CH 4 + 3H 2 0 
9CoO + 4 CS 2 + 17H 2 -► Co 9 S 8 + 4CH 4 + 9H 2 0 

thudng dung xuc tac co 2 ± 0,5% Co va 12 ± 1% M 0 O 3 . Trong cdng nghd ch£ H 2 tir nhien 
lieu long - khi, thudng gap cac loai sau: 

Khi thidn nhien, thinh phin chu y£u la CH 4 , hop chat S khdng nhi 6 u, thudng la H 2 S, 
COS, RSH... 

Khi ddng hanh trong khai thac diu mo, thanh phin chu y£u la CH 4 , khoang 15 - 5 - 25% 

alkan C 2 + C 4 , 0,01 5,5% C 5 -s- Cy, H 2 S va S huu co, sau xir ly d co so loc diu, van con 1 

3% tdng luong sunfua trong diu thd. 

Loai naphta - dau phf diem < 220°C co khoang < 15% cacbua hydro thorn, thanh phan 
S huu co chu yd'u. 
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Timg loai xuc tdc, co ch£ dp lam vipc rifing phu hap vdi hoat tinh, tinh chit cua xuc 
tac. Theng thuang qua trinh hydro hoa tidn hanh a ap suat co 4 + 4,5 MPa - nhiet do trong 
mi£n 330 + 380°C, trong thie't bi lam viec doan nhiet. 

Trong c6ng nghiep chP bidn cacbua hydro, sau hydro hoa thucmg khu H 2 S bang ZnO. 
ZnO la thanh phdn chu yp'u trong chat hap phu ran khu H 2 S, chat xuc tac CuO, Mn0 2 , 
MgO. Phan ung co ban nhu sau: 

ZnO + H 2 S -► ZnS + H 2 0 AH 298 = -76,62 kJ/mol (1) 

Cac hap chat S huu co nay co the phan ting vPi ZnO: 

ZnO + COS —► ZnS + C0 2 AH 298 =-126,40 kJ/mol (2) 

2ZnO + CS 2 -► 2ZnS + C0 2 AH 298 =-283,95 kJ/mol (3) 

Hang so can bang cua phan ung (1) phu thu6c vao nhiet do: 

Nhiet do, °C 200 260 360 420 460 

K-^2^ 2,081.10® 2.395.10 7 1.268.10 7 4,491,10 s 2,185.10 s 

Ph 2 S 


Nhu vay co the coi nhu day la phan ung met chieu. Cung nhu cac chat hap phu khac, 
phan ung toa nhiet, nfe'u thcfi gian du dai co the dat mure lam sach khi rAt cao. Thucmg trong 
c6ng nghiep, sau tinh chd co the ha n<5ng dp S xuong 0,3 ppm. 


Nhung phuong trinh d6ng hoc da c6ng be', mure tin cay cang it. Vi viy tuy ham lugng 
S trong h6n hop khi nguyen lieu, thdi gian sir dung chAt hap phu dai ngdn khac nhau; co the 
xac djnh lugng chat hdp phu theo c6ng thurc kinh nghiem: 


1,25x!0~ 5 xCx Vgxt 
S% x p 


V 2 nO = 


trong do, C: nPng dp S nai vao thie't bi, % the tich; 

Vg: toe d6 luu lugng khi nguyen lieu, m ? (tidu chuan)/ h); 

V Zn0 : the tich chat hdp phu, m\ 

t: tu6i tho quy dinh cho chat hdp phu, n3m. 

Theo kinh nghiem, nPu ham lugng S tir 1 + 5 ppm, t = 3 nam, 10 * 20 ppm la 1 nam 
p: trong lugng rifeng chdt dPng cua ZnO; 

S%: de thdm nhap cua S vdo ZnO - do nha san xua't ZnO dua ra. 

TAc de thing cita dong khi qua 16p hdp phu thucmg duy tri 6 muc 2-5-15 cm/s. 

Dudi day gidri thieu m6t se' chi tidu c6ng nghe d£ co hinh anh vP c6ng nghe nay: 

Ap sua't hap phu: 0,1 -5- 5 MPa 

Nhiet dp: trong mien 350 4- 400°C 

N6ng do H 2 S trong khi nguyen lieu: < 100 ppm 

N6ng dp H 2 S trong khi tinh che': < 0,3 ppm 

Ham lugng S bao hoa doi vdi chat hAp phu: > 30% trong lugng S/ trong lugng chat hap phu. 
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Churcmg V 

CHIJYEN HO A CO 


Noi chung qua trinh chd' tao khf tdng hop deu hinh thanh h6n hop khf co CO: 
vdi khf than Im: ham luong H 2 khoang 40%; CO khoang 31% (tfnh theo % thd tfch); 
vdi khf than udt: ham luong H 2 khoang 48%; CO khoang 38,5% (tfnh theo % th£ tfch); 
vdi khf than kho: ham luong H 2 khoang 0,9%; CO khoang 33,4% (ti'nh theo % th£ tich); 
vdi reforming CH4 (khf thien nhidn): ham luong H 2 khoang 56,5%; CO khoang 12,9% (tfnh 
theo % th£ tich); 

vdi CH 4 oxy hoa khdng hoan toan (khf thidn nhidn): ham luong H 2 khoang 55,8%; CO 
khoang 14,7% (tfnh theo % th$ tfch). 

Nhu vdy nhin chung ham luong CO trong khf san phdm la ldn. Trti phan umg t6ng hop 
Fisher - Stropsch, cln mdc ty Id CO/H 2 xac dinh; d£ phuc vu t<$ng hop NH 3 , can chuy^n hoa 
toan bo CO trong phan umg vdi hoi nude thanh H 2 va C0 2 , vira san xudt H 2 cho tdng hop 
NH 3 ; C0 2 cho tdng hop ure hoac soda hoac cho clc nhu ciu khac, vtra chuy£n CO - mdt 
chat kho tach khoi hdn hop khf, thanh C0 2 - mdt cha't dd tach. 

Ngay trong tong hop metanol cung cln thuc hien phan ling chuy^n hoa nh&m giu ty Id 
H 2 /CO = 2,6. 

I. NHlTNG VAN d£ NGUYfiN LY CUA QUA TRiNH PHAN tiftG 

Phan ung chfnh trong qua trinh chuyen hoa nhu sau: 

CO + H 2 0 ^ C0 2 + H 2 AH" 9i! „ c = - 41.4 kJ/mol 

1. Day la phan umg loa nhidt. C&c s 6 lidu da edng b<5 ve hidu ung nhidt cua phan ung 
co khac nhau chut ft, chu ydu do su khac biet vi s 6 lidu vl nhidt dung ridng ding dp» Co th£ 
su dung phuong trinh sau d & tfnh gia tri hidu umg nhidt a cac nhiet dd khac nhau (°K): 

AH = 10681 - 1.44T - 0,4.10" 4 T 2 + 0,084.10“ V 

Kdt qua nhu sau: 


Bang S.l 


Nhidt <36, °K 

300 

400 

500 

600 

700 

800 

900 

AH = kJ/molCO 

41,31 

40,78 

39,90 

38,64 

38,01 

38,96 

35,70 
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2. Day la phan ufng hai chidu, hd khdng d6ng nhdt khi - xuc tac ran. 

Trong didu kidn c6ng nghe hidn hanh, co thd coi nhu khi' ly tuong de ling dung trong 
cac phuong trinh nhidt d6ng tfnh hang s 6 can bang. Trong cong nghiep co thd tfnh theo c6ng 
thiic sau: 


K p = P 29z = exp{z[z(0,63508 - 0,29353z) + 4,1778] + 0,31688} 

Pco'Ph 2 o 

t xx 1000 , 

Trong do z =-1 


( 1 ) 


T tfnh bang °K. 


hoac 


lgK = 22 ^ 7 ’ - + 0,2971gT + 0,3525.10 3 T - 0,0508.10' fi T 2 - 3,26 


( 2 ) 


Nhu vay diing ve mat can bang ma noi, nhQng ydu to sau c£n khong chd' de dat hieu 
suit chuyen hod can bang cao vdi khai nidm: hidu sudt chuydn hoa n'nh bang luong CO da 
tham gia phan Png so vdi luong CO dua vao he phan ung (tfnh theo %). 

a- Nhidt dd: Ro rang nhidt dp thd'p la co lpi cho can bang. Nd'u goi n6ng dp tfnh theo 
% thd tfch cua CO, H 2 0, C0 2 , H 2 trong khf nguyfen lidu ldn lupt bang a, b, c, d va hieu sud't 
chuyen hoa cdn bang la x* (tfnh theo CO). 

Ket hop [1] hodc [2] vdi phuong trinh [3]: 

( c + ,xp(d+ ajC) (3) 

a(l -x )(b-ax ) 


ta dupe quan he dinh luong gitfa x* = f(T), quan hd gitfa hieu suat chuydn hoa can bang va 
nhidt dp. 

b. Co thd tfnh dd'n vide tang ty Id Ph 2 o/Pco tr ong khf nguyen lidu nham lam chuyen 
dich cdn bang, c i m6t didu kidn phan urng nhdt dinh. 


COng 1dm tudng tu nhu phdn (a), tfnh toan hieu sud't chuyen hoa cdn bang la ham cua 
nhidt dp va ty Id noi trdn, dua len d6 thi ta dupe hinh 5.1. Mac du trong cong nghidp khdng 
thuc hidn phan urng 6 trang thdi cdn bang, song nd'u coi hidu cua hidu sudt chuyen hoa can 
bang va hidu suat chuyen hoa thuc 6 mpt didu kidn phan ung xac dinh la d6ng lire cua phan 
ung, thi tang hidu sudt chuyen hoa can bang, hoac bang each ha nhidt dp phan ung, hoac 
bang each tang ty Id H 2 0/CO trong khf nguydn lidu (trong cong nghidp thupng tfnh theo ty 
le hoi nuPc/khf than khd) van la tao dieu kien chuyen hoa phan umg didn ra voi tP'c dp nhanh 
hdn. 


Quan he giua x = f 




khdng phai theo ty le thuan. 


66 




Vi vay tuy hoan canh, di£u kien phan tfng; n6i chung dlu dung qua luqng H 2 0 so v6i 
he s6' ty luqng. Trong cOng nghiep ty 16 hoi nirdfc/khi than khfi bi£n d6ng trong khoang 0,8 ~ 
1,5, tuy nhiet do phan ting (hoac noi mot each khac: tuy thu6c loai xuc tac diing trong phan 
dng). 

M6t s<5 tai lieu n6i d£n viec khtr C0 2 khoi he phan ting, nh5m chuyln hoa can bang - 
song thuc t£ chua bao gict duqc sur dung trong c6ng nghiep. 

Co m6t dieu dang liru y la m6t so phan ting phu thuemg xay ra trong qua trinh chuy£n 
hod nhu: 

2CO = C + C0 2 : than tach ra phu m0t lerp mong ldn xtic tac. nhat la a cac t5ng tren 
ciing, lam giam b£ mat ti0p xuc khf - ran. 
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Mpt so phan Png tao metan nhu: 

2CO + 2H 2 = CH 4 + C0 2 + Q 

CO + 3H 2 = CH 4 + H 2 0 + Q 

C0 2 + 4H 2 = CH 4 + 2H 2 0 + Q 

Noi chung dPu gay bat lpi cho t6ng hop NH 2 , do lam tang ham lupng khi' tro trong khi 
nguyen lieu. Day la mpt va'n dp dat ra cho nhiJng nguPi nghien cuu xuc tac: Tmh chon loc 
cua xdc tac. 

3. Phan trng trong c6ng nghiep bupc phai tien hanh trfen xuc tac. Hien nay tren the gioi 
dung 3 loai xuc tac 

Loai xuc tac lam viec P nhiet dp cao: xuc tac nay co thanh phPn chu yPu la Fe 2 0 ?( vPi 
phu gia chu yPu Cr 2 0 3 hoic MgO. Mpt dac diPm chung la lam viec 6 khoang 360"C den 
550°C. 

Xuc tac ct nhiet dp th4'p: thanh phPn chu yeu la oxit dong, kern, nh6m va cac phu gia. 
Lam viec 6 miPn nhiet dp 180 + 210°C. 

Xuc tac a nhiet dp pho rong: g6c oxit coban, molypden lam viec 6 miPn nhiet dp 
180-4 475°C. 

MPi loai xuc tac co nhung net rieng vP quy lu&t dpng hoc va do do dieu kien cong 
nghfe cung thay dPi. 

a. VPi phan ting tr£n xuc tac nhiet dp cao, la xuc tac dupe dung rpng rai nhat hien nay. 
Chu yPu FejO^; trong mPi truPng CO, thanh phan hoat tmh la Fe-,0 4 ; phan IPn dua them 
Cr 2 0 3 nhu mpt phu gia lam thay dpi c£u true be mat xuc tac nhP hinh thanh pha tan trong 
nhau Cr 2 0 3 .Fe : ,0 4 , lam tang dp chju nhiet cua xuc tac; Cr +1 the ch6 cho mpt lupng Fe +1 xac 
dinh trong Fe 3 0 4 , hoac co the coi nhu hoa tan mpt phan, vupt qua giPi han Cr 2 0- ? se tach 
thanh mpt pha rieng, phu 16n bP mat Fe 3 0 4 , lam giam hoat tmh xuc tac. ThuPng Cr 2 0^ trong 
mien 5 4 13%, khPng vupt qua 14%. 

HPu het xuc tac dPu pha K 2 0, thuPng duPi 1%. Thtrc te K 2 0 co tac dung lam tang kha 
nang on djnh nhidt cua hoat tfnh xuc tac, thuPng d dang K 2 S do trong khi it nhieu con H 2 S 
phan ling vPi K 2 0. VP co che' ra sao, hien nay chua co ket lu&n thPng nha't, Mpt so' xuc tac 
con dua them loai oxit hoac muoi cacbonat cua kirn loai kiem th6 nhu Mg, Ca, Sr. 

DuPi day gioi thieu mpt so xuc tac da sir dung trong cong nghiep. 
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Oac diem 

Loai xuc tac 

B107 

Trung Qudc 

C12-1, UCI M? 

N721A Nhat 

CTK 1-5 
THAil Nga 

c. 

Fe 2 0 3 (%) 

s 73,0 

89 

75 

88 

-C 

Ql 

Cr 2 0 3 (%) 

> 10 

9 

13 

7 

a 

■CO 

r— 

S0 4 2- 

<6 

tinh ra S < 0,05 

S = 0,1 +0,3 

0,2 

*— 

cac cheit kh£c % 






Hinh dang 

manh 




o — 

Khdi li/gng gia, kg/I 

1,25 + 1,6 

1,08 

1,23 


-c: <03- 
a > 

i— 

D6 xtfp 


0,4 + 0,5 




Be mat ri6ng, m 2 /g 

55 -i- 70 

80 + 110 




Ap su&t 


0,1 + 0,4 MPa 

0,1 +0,3 MPa 

4,8 MPa 

JC > 

H 2 0/khi khd 

1 ± 0,03 




,5 £ 
o 4S 

Nhidt do ttfi da. °C 

530° ± 5 

560 

500 

520 


Nhi&t dd tOi thieu, °C 

350° 

340 

350 

320 


Thuc ra thanh phin ban ddu la Fe 2 03 - Trudc khi qua sir dung c<in trai qua mfit hoa 
trinh hoan nguy&n xuc tac (danh tit thu&ng dung 6 nude ta). Th6ng thudng H 2 , CO trong khi' 
than 6 nhi£t do hoat tinh cua xuc tac (thudng a 300°C) thuc hien phan ung: (trong khi than 
da pha H 2 0): 

3Fe 2 0 3 + H 2 —> 2Fe 3 0 4 + H 2 0 AH 29ii = -9,6 kJ/mol 

3Fe 2 0 3 + CO —► 2Fe 3 0 4 + C0 2 

Thudng crom dua ve dudi dang mudi Cr t(S , ngoai Cr 2 0 3 c6n co chirng 0,1 + 5% Cr0 3 
(tinh theo t6ng crom) do phan ling oxy hoa trong qua trinh che' bid'n thanh hinh xuc tac 6 
trfen 300°C. Khi do xay ra phan ling: 

2Cr0 4 + 3H 2 —► Cr 2 0 3 + 3H 2 0 AH c 298 = -648,7 kJ/mol 

2CrO, + 3CO Cr 2 0 3 + 3CO =-808,2 kJ/mol 

Ham luong H 2 0 trong khi hoan nguyfin c6 tac dung han ch£ phan ung khir d£n Fe kirn 

loai: 

Fe 3 0 4 + 4H 2 —► 3Fe + 4H 2 0 
va Fe 3 0 4 + 4CO —3Fe + 4C0 2 

V6 ca ch£ cua phan ling, y ki£n cung khac nhau. Tuy viy nhieu y ki6n cho ring: neu 
phan ling nam trong mi£n d6ng hoc, phuong trinh cua Temkin - mdt phuang trinh nua ly 
thuyet duoc coi nhu thich hop cho nhung giai doan d£u cua phan ling. 
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Vdi gia thidt qua trinh hap phu CO la cham nhat, hip phu trung binh, tuan theo 
phuong trmh ha'p phu ding nhidt lograrit (hoSc phuong trinh Temkin). Phuong trinh dong 
hoc duoc tfnh theo: 


r = ki-pco- 


f Ph 2 o 


\0,5 


V Ph 2 J 


■ ^ 2 - Pct) 2 


\<>,S 

Ph 2 

,Ph 2 o, 


kj, k 2 - hing s<5 toe dd cua phan ting thuin va nghich; 

Pi - ap suit ridng phin cua cic cau tu a thefi diem khao sat toe dd phan ting. 


Khi tinh toin thudng phai quan tam den hieu suit Iqi dung bb mat trong cua xuc tac, 
vi xuc tac thudng co ki'ch thude vuqt qua pham vi midn ddng hoc. 

Cung co thd tfnh theo edng thtic thuin tuy thuc nghidm cua G. S. Atrosenko (Lien Xd 
cu), die bidt cac giai doan xuc tac cubi ma khdng cin quan tam tori hd sd' hidu chinh do anh 
hudng cua khuich tan trong. 

dp co _ (Pco ~ Pcq)-Ph 2 o 
dx Ph 2 

trong do: k - hing sd t6'c dd bi£u kiin cua phan ting: 

184S0 

k = 4,92.10 5 e (sec’ 1 ) 

p’i - ap sui't rieng phan 6 trang thai can bang. 


hoic dang tich phan cua phuong trinh, cho phep tinh thfri gian phan ting tir ap suit ridng 
phin cac ci'u ttr trong nguydn lidu p” phan ting ddn gia tri pp 


x = 


Pco 

k i 


u + a' (Vs - a + Vs - a')(Vs - Vs- a') 
Vs - a' (Vs -a -Vs-a')(Vs + Vs -a') 


-2(Vs - Vs-a) 


sec 


Quan hd k ( va T nhu sau: 


TC 

578 

660 

700 

740 

753 

780 

800 

820 

k| (sec) 

0,052 

0,882 

0,853 

1,75 

2,17 

3,33 

5,42 

5,94 


Trong d6: 


u = 


Ph 2 

Pco 


s= p^ 


„ _ Pco ~ Pco . „. _ Pco _ Pco 

a — . d — 

n 

Pco 


Pco Pco 

Thuc ra cac van kidn da c6ng bd', gidi thidu hang chuc phuong trinh ddng hoc khac 
nua, d6i vdi xtic tac gd'c oxit sit. Song kd't qua tfnh toan cho thi'y phuong trinh Atrosenko 
kha phu hop vdi sf> lidu cua thuc td san xuit 6 ap suit dudi 2 MPa. 

b. Vdi xuc tac nhidt dd thip 

Trong khoang ba muoi nam lai day, sir dung kha rdng rai xuc tic lam viec d nhidt do 
trong midn nhidt dd thip, thuc ra gia thanh H 2 chid'n dd'n 70% gia thanh tdng hop NH 2 cho 
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n£n sir dung xuc tac t<5t tret thanh mdt yeu td kinh td quan trong nhim giam gia thanh NH V 

Sir dung nhi£t d 6 tha'p, hi£u suA't chuy^n hoa can bang tang, ddng luc phan ting tang, 
xuc tac niy co thd ha n 6 ng d 6 khf CO trong khi san pham xud'ng 0,1%. So vdi xuc t£c noi d 
muc (a), sd' lifeu nay la 3% - tinh theo gdc khd; nhu vay co the tha'y ning suit chuyen hoa 
ting ro r 6 t, dac bidt la trong hien trang, edng nghd khir S kha hoan thidn, co the' dat mtic 
dudi 0,1 ppm. 

Thanh phAn xuc tac chu yfe'u la oxit d 6 ng, kern co the co them nhom, crom. Dudi day 
co the' xem mdt vai loai xuc tac loai nay da sir dung rong rai trong edng nghiep: 




Loai xuc tac 


Dac diem 

B 202-1 

UCIC18-1 

BASF K3-110 

TMAn HTK-4 



Trung QuOc 

MJ 

Otic 

Nga 


CuO, % 

>29 

26 

40 

54 

c 

«as 

ZnO, % 

41 + 47% 

54 

40 

11 

cL 

c 





14 


AI 2 O 3 

Thanh ph^n khAc 

8,4 10 

20 

20 

19 


Hinh dang 

tru 

tru 

tru 

tru 

'<75 

vC '>S 

0 — 

KhOi luong gia, kg/I 

1,5 - 5 - 1,7 

1,2 

1,15 

1,5 + 1,6 

-4-^ 

-c nca- 
> 

1— 

DO xdp 



0,35 



Be mat rieng, m 2 /g 

60 


100 

50 + 60 


Ap suat, MPa 

2 

0 . 1+4 

0,1 +5 

2 + 4,9 

> 

Nhiet dd t6i da. °C 

230 

290 

300 

250 

3 i 

a — 

Nhifet db tOi thieu, °C 

180 

180 

180 

200 


H 2 0/khl khO 


0,5 


0,4+ 0,7 


Co the thiy v£ mat di£u kidn lam viec, n€u ha duqc ndng dd CO xub'ng 0,1%, san 
luong NH-, tang 1,1 + 1,5%; tao di£u kidn thuin tien cho qua trinh khti CO trude khi dua vao 
thAp tong hop; ty le hcri nude/khi khd co the giam rAt nhiAu; dinh mtic tieu hao didn nang 
cung giam - Bdi viy xu the' la: trong nhfimg giai doan dAu cua phan ting chuyen hoa co the sir 
dung xuc tac b nhiet dd cao, song b cAc giai doan chuyen hoa cud'i nfin sir dung xuc tac nay, 
die biet trong dAy chuyen reforming hoi nude. 

Trong loai xtic tic nay, thanh phAn Cu b dang tinh the kim loai vdi ki'ch thude nho la 
thanh phAn hoat tinh cao chu yeu. Nhting kit qua thuc nghiem cho thay: ZnO, CrjO-*. 
AI 2 O 3 ... 1 A nhting thinh phAn tao diAu kifin tao thanh tinh the min trong qua trinh hoAn 
nguyen xuc tac, vA d 6 ng thdi dam bao tinh 6 n d|nh ciia tinh the nAy trong qua trinh phan 
ting. 
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Xiic tac thuong ph£m, d6ng 6 dang CuO. Trudc khi lam vifec dn dinh, cung trai qua 
qua trinh hoan nguyen. M6i loai xuc tac co m6t quy trinh hoan nguyftn rieng, cin nghiem 
ngft khdng che, song dai thi la thong khi nguyfen lieu (c6 H 2 ) hoan nguyen d nhifet dd trong 
miin can dudi cua nhiit dd lam vifec. Thuc hidn phan dng: 

CuO + H 2 —*■ Cu + H 2 0 
CuO + CO —*■ Cu + C0 2 
2CrO, + 3H 2 —► Cr 2 0 3 + 3H 2 0 
2Cr0 3 + 3CO —*■ Cr 2 0 3 + 3C0 2 
Mot nhuqc diim cua xuc tac nay la rit nhay vdi chat ddc. 


AH 29X = -86,6 kJ/mol 
= -127,6 kJ/mol 
= -684,5 kJ/mol 
= -807,9 kJ/mol 


Chat doc nguy hai nhSt la S. Mac du co thd ha ham luqng H 2 S trong khi than xudng 
0,1 ppm bang nhfltig cong nghe mdi, song luqng khi sir dung thudng qua ldn, phan urng ngd 
doc H 2 S la phan ling hai chiiu, tdc dd cao - n£n chit luqng xuc tac a nhiet do cang tha'p cang 
di bi suy giam. 


Phan urng lam xuc tac ngd doc nhu sau: 


Cu + H 2 S = CuS + H 2 

AH^ 9K 

2Cu + H 2 S = Cu 2 S + H 2 

AH 2 9 8 

ZnO + H 2 S = ZnS + H 2 0 

aH 298 


= -28.5 kJ/mol 

^ P 2.12 

= PHj =7.8 

Ph 2 s 

= -59,4 kJ/mol 

Jr 

P2n 

= 1,2.10 5 

= -7,6 kJ/mol 

k P212 

= ^h9. - 7 , 9 . io 7 

Ph 2 s 


VI du sau khi hip phu 0,1% (khd'i luqng xuc tac) luu huynh - hoat tinh giam 20%. 
Ngoai ra niu trong xuc tac ISn clo, mudi S0 4 2 , cac oxit kim loai kiem, hoat tinh cung suy 
giam. 

Vi quy luat ddng hoc, nhieu cdng trinh nghiin curu cho ring phan ling tifi'n hanh theo 
co che: trudc hit CO va H 2 0 bi hap phu trfcn hai trung tarn hoat tinh rieng re. Hai hop chat 
be mat nay phan urng vdi nhau tao san phim. 

i i 

CO + -S- = -S-CO 
i i 

H 2 0 + -s- = -s-h 2 o 
-s-co + -s-h 2 o = -s-co 2 + -S-Hj 


Cudi ciing la qua trinh nha. Tuy vay hiu het cac phuong trinh ddng hoc deu khdng nit ra 
tir co chi nay, ma mang tinh thuc nghidm don gian nha't la phuong trinh r = k.(c C0 - C^q ) 

trong do C co , C^q : n6ng dd CO 6 trang thai xic dinh r va trang thai c4n bang. Phuong trinh 
nay dd chinh xac kern; 
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Theo kidu phuong trinh hip phu ding nhidt Langmur. 

Nhihig tai lieu cua Trung Qudc thucmg c6ng bd phuong trinh ddng hoc cho cac loai 
xuc tac cu the; song khi ap dung cho mot sd loai xuc tac nhidt dd thap khac, kdt qua tinh 
toan khdng sai lech lim so vdi s6' lieu thuc td', ndn co the sir dung nhu mot phuong trinh phd 
bidn. 


r = 7,7.10 4 exp 


•5.7.10 4 

RT 


yco-y 0 H!o-y^-yH?-a-P) 


trong do p = ^(y C o-yH 2 o/yco 2 ): 

K - hing sd can bing; 

y; - n6ng do cac ci'u til 6 thdi didm khao sat tdc dd phan urng. 

c. Vdi xuc tac nhidt dd phd rdng 

Khoang nam 1960 bit diu quan tim ddn xuc tac gdc coban • molypden, co mien nhidt 
dd hoat tinh rdng hon, it chiu anh hucmg cua S, sau dd duqc sir dung kha rong rai - con goi 
la xuc tac chiu sunfua, dac bidt khi chuydn hoi khi nguydn lidu gdc than, gdc diu ning, gd'c 
can diu thai, ham lupng S cao khdng nha't thid't qua khir hop chat luu huynh trudc chuydn 
hoa. Thdm nQa vin co the ha ty Id H 2 0/khi khd xuong tuong duong vdixuc tac nhidt dd thi'p. 
Do viy ngay cang dupe sir dung rdng rai. 

Thanh phan hoat tinh chit yd'u la Co-Mo, hoac Ni-Mo, hoic Co-Ni-Mo tren chit mang 
Al 2 0 ? ; A1 2 0 3 + MgO; AI 2 0 3 + ReO (Re = nguydn id dat hiem) song sir dung rdng rai nha't 
trong quy md edng nghiep la xuc tac Co-Mo-A1 2 0 3 . 

Uu di£m ldn nhit ciia loai xuc tac nay la: co th£ co hoat tinh cao ngay o nhidt dd 
150"C va chiu nhiet tdi 500"C. 


Lim viec cr nhidt dd cang cao, muc ham lupng S trong khi nguyen lidu cho phep cang 
cao, song ty le hoi/khi khd cang cao. Co nhung loai xuc tac, nhu xuc tac cua BASF mien 
nhidt dd lam vide hep, song hoat tinh cao, die bidt 6 nhiet do cao va ap suit cao. Cac hop 
chat khac nhu NH 3 , HCN, C 6 H 6 ... khdng anh hucrng tdi hoat tinh cua xuc tac. Cucmg do cao 
nhit la khi dung A1 2 0 3 lam chit mang. Tudi tho xuc tac cao, co noi da sir dung tdi 10 nam 
hoat tinh vin td't, phd bien li thdi han sir dung trdn 5 nim; co thd keo dai tudi tho bing khoi 
phuc hoat tinh trong khi than giau H 2 S. 
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Dudi day gidi thieu mdt s6 loai xtic tdc nay 



05c di4m 

Loai xuc tac 

B301 

Trung Qudc 

UCI C25-2-02 

My 

BASF K8-11 

Dire 

C0M0 

Dire 

Thanh phan 

CoO, % 

2*5 

2.7 *3,7 

4,7 

3 

Mo0 3 , % 

6*11 

11 - 13 

9,8 

15 

A1j0 3 , % 

phan con lai 




ThOnh ph4n khac 


ReO 0,9 - 3,1 


KjO 0,6 

O - 

-c «aj- 
CL > 

f— 

Hinh dang 

try 

tru 

try 

tru 

Khdi 1 trong giS, kg/I 

1,2 *1,3 

0,8-0,88 

0,75 


DO xdp 

0,18 

0,5 ml/g 

0,55 ml/g 


B6 mat ridng, m 2 /g 

143 

122 

150 


C O 
<>■ O 

^ > 

<3 E 

O * 

Ap suat, MPa 

2 

4-7 

OO 

ctT 

■1- 

o' 

2,5 

Nhidt dd tdida, °C 

475 

450 

500 

400 

NhiSt dO tdi thi4u, °C 

210 

290 

280 

250 

H 2 0/kh( khd 


0,5 *0,6 

0,5*2 



Cung nhu trdn Co, Mo deu d dang oxit, song dang sunfua co hoat ti'nh cao hon vi vay 
trudc khi su dung thucmg sunfua hoa bang CS 2 d nhidt dd cd 200°C hoac trong mien n5ng 
din ldn ddn 275°C. n6ng dd CS 2 khoang 0,2%, song sir bien ddng ndng dd nay it anh hudng 
den hidu sua't. 


CS 2 + 4H 2 
Mo0 3 + 2H 2 S + H 2 
CoO + H 2 S 
cd the cdn co phan ting CoS + H 2 0 


2H 2 S + CH 4 
MoS 2 + 3H 2 0 
CoS + H 2 0 

co 2 + h 2 s 


AH 29K = -240,6 kJ/mol 
AH 298 = -48,1 kJ/mol 
AH$ M =-13,4 kJ/mol 
AH 298 = -35,2 kJ/mol 


Co thd su dung phirong trinh ddng hoc sau day d£ tinh toe do phan ting: 
dNr 


r = 


* 00 ; 


dV 


= ISOOexp (- 43000/RT>ygg.y Hj o.y^ -Yu* 


1 - 


yco 2 -y H2 
Ky C o-yH 2 oj 


mol 

ml/h 


Trong edng nghidp thucmg sir dung c2c phuemg an: hoac gh6p doan I xuc tac nhiet dd 
cao ha ham luong CO xudng 5% hoac cao hon mdt chut, sau dd ghep xuc tac phd rdng ha 
ham luong CO xudng 1%, true tid'p dilng nito long rda CO, hoac dung toan bd xuc tac pho 
rdng. 
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II. NHfTNG VAN C6NG NGH$ 

Trudc day thuc hi£n phan ling chuy^n hoa a ap su£t thuang, song hien nay hau het deu 
tiS'n hanh a dp su£t cd 0,2 - 0,4 MPa; thu&n tien cho cac buoc khd C0 2 ti^p theo trong 
khuon kho cua t6ng hap NH^ tir 150 -s- 300 at. 

Van d£ Ion nh&'t la kh<5ng ch£ nhi£t d6 cua phan ling chuy£n hoi. 

Day la phan ling hd khi dong nhat, tidn hanh tren xuc tac th6 rin, hai chi£u, toa nhi£t. 
Theo quy luat chung co nhi£t d6 t6\ uu. 

Di6u ki£n ttfi uu duac xac dinh qua phuang trinh tfnh hing s6 tdc d6 phan ling la ham 
cua nhi£t d6: k r = f(T); va phuang trinh dao ham ri£ng cua 1 6 c d6 phan ling theo nhiet d6: 

* =0 
5T 

Thudng d dang tong qu3t: K = — = - 

k 2 E, f,(Cj) 


Trong do E^ E 2 , fi(Q), f 2 (C i ): nang luqng hoat hoa cua phan ting thuan va nghich, 
ham n6ng dd trong phuang trinh dong hoc ve thutin nghich. Hinh 5.2 cho thay duang 
cong bi^u di6n quan he gitia hieu suit chuyfen hoa can bang, hieu su&'t chuy^n hoa d thdi 
diem khao sat theo vdi nhiet dd. 


- Ke't qua nay dua tren c0 scf khi 
nguydn lieu co thanh phin CO = 12,2%, 

H 2 0 = 60%. 

Sau doan chuy^n hoa I: 

x = 0,78 

- Khi nguydn lidu vao giai doan II: 

CO = 2,35%, H 2 0 = 50,94% 

Sau doan chuy£n hoa II: 

x = 92,5% 

Theo nguydn ly chung, co th^ 
giai quyet bang mdt trong hai phuang 

an: truyen nhiet ndi bd ho«5c trung gian nham dam bao phan ting tidn hanh quanh mi£n nhiet 
dd thich hop. Tuy vdy do hieu sua't chuy£n ho£ cao, ludng xuc tdc ldn, nen trong cong 
nghidp hien thudng dung phuang an truyen nhiet trung gian. Nghla la thuc hidn phan ung 
tren xtic tdc trong di£u kidn doan nhiet den hieu sua't chuy^n hoa cS 70 + 75% (tinh theo 
CO); lam lanh true tiefp (hoac mdt phin gian tiep sau do tie'p tuc lam lanh true tie'p) bang 
edeh th6i khi nong qua nude lanh lam bay hai nude, bo sung hai nude cho doan phan umg 
sau do, ha thap nhiet dd khi, tiep tuc phan ung doan nhiet qua ldp xuc tac thti hai - dat hi6u 
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sua't chuyen hoa cuo'i cling khoang 90 d6n 96%, tuy thuoc pbirong hudng xu ly CO sail nay 
v| loai xuc tac sir dung trong chuyen hod. Hinli 5.3 cho phep htnh dung mot day chuyen sail 
xuat vdi xuc tac nhiet dd cao. 

Day cung la phuong an sir dung cho xuc tac 6 nhiet do thd'p, cung nhu phd rpng. 

Van de dp suat, # can bang cung nhu ve tdc do phan ung, ap suat khong anh hudng 
tori qua irinh phan dug. Cung co the dat vdn de: n£u chi n'nh kin kho (sau klii ngung tu het 
nirdc) thl day la phan ting tang the tfch, nlnr vdy co liien tupng tu tang dp. Ap snd'l cang cao, 
gia tii tang ap cang Idn. Tuy vdy day khong phai la yeu to can ban trong quyel dinh ap suat 
chuyen hoa. 

Hinh 5.3 gidi thieu day chuyen edng nghe phan xtrdng chuyen hoa ciia cong tv nay. 



Khi than 20 at dt qua thiet bj khir ddu (1), qua thie't bi truyen nhiet (2) sau do ket hop 
vdi hoi nude 20 at, bd sung hoi nude den ty le H 2 0/khf kho = 0,8 ~ 1, liep tuc qua thiet hi 
truyen nhiet (3), ndng nhiet dd khi len 380 s- 400°C di vao doan I ciia 16 chuyen hoa (4). Sau 
doan I nhiet do len d£h 550 !, C, hieu sua't chuyen hod khoang 78% qua thie't bi truyen nhiet 
(3) ha xud'ng 440°C, sau do qua thiet bi phdt sinh hoi nude (5), nhiet dd xiio'ng 380"C, tie'n 
tuc ve doan IT 16 chuyen hoa (4). Sau phan ung nhiet dd len de'n 440"C, hieu suat chuyen hoa 
dat rren 92%', quay vS lam lanh trong thiet bj truyen nhiet (2), thie't bi lam lanh nhanh (6), of 
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c\Hy phun nircc lam lanh true tiep each nuac khoi kln\ ha nhiet do xuPng nhiet do thirong, dint 
di lam sach khi khoi CO va C0 2 . Trong d&y chuyen con lap moc 16 khoi dong (7), dung khi 
than chav dot nong loan h& 16 va thiet bi, nAng len den nhiet do phan irng. 

Hinh 5.4 gioi thieu mpt d&y chuyen k£t hop nhiet do cao va phb rpng. Neu ket hop he 
khu CO bang phurc dPrig hoa tri 1 Urong cong nghiep goi la lira d6ng). Truce het doan I 
dung xuc tac nhiet dp cao, ha ham lirang CO xuong 5 % s hoac cao hon nua. Sau dp lain lanh 
trung gian va qua xuc tac ph6 rOng ha ham lirang xuong ) %. 



Hinh 5.4 

1 thap bao hoa, 6. thap t3ng am; 2, van thuy phong; 7,thiet bi truyen 
nhiet; 3. thiet bi truyen nhiet dun nong ni/dc; 8, thiet bj truyen nhiet trung 
gian; 5. thiet bj tach m/6c> 9 16 chuyen hoa 

Cung co day chuydn ca doan I va doan II d4u dung xuc tac ph6 rpng, thay cho xuc tac 
Cu-Zn, nhhm tan dung uu the chong ngo doc sunfua cm loai xtic tac nay, gram dune png tai 
cho lie khu sunfua. 

Ve mat thiet bi, nong day chuyen co hat loai thiet bi chinh * 16 chuyen hoa va cac 
thiPt bi truyen nhiet. Lo chuyen hoa thupc loai thiet bi phan Png doan nhiet, hai doan xiic 
tac dal Lren cung mot thiet bi. 

Thi£'t bi truyen nhiet bao gOiri thiet bi truyen nhiet trung gian va thiet bi truyen nhiet 
khl - kht; dung khi sau chuyen hoa nang nhiet dp khi nguyen lieu den nhiet dp phan ung. 
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Cac loai nay d£u la thi£t bi th6ng dung ki£u d'ng chum, khdng c6 gi dac bidt. Thidt bj 
truydn nhiet true tifip ddu dung loai thap ddm, tudi nude 1km bay hoi nude bd sung nSng ty Id 
hoi nude/khi khd trude khi vao doan II. 

& day gidi thidu mOt sd chi tidu, cic sd lidu ky thuat cua mOt co so san xuat 1000 ta'n 
NH^/ngay tur khi hoa can diu dung xuc tac BASF K8-11: 


Ap suat 

8,2 MPa 

Td'c dd luu luong (khi than a’m) 

1091 hr -1 

Nhidt dd khi vio doan I 

315°C 

Nhidt dd cao nha't doan I 

450°C 

Nhidt dd khi vao doan II 

295°C 

Nhidt dd cao nh£t doan II 

312“C 

Ham luong CO vao giai doan I 

45,7% 

Ham luong CO ra giai doan I 

5,05% 

Ham luong CO ra giai doan II 

0,85% 

Sau ba nam, him luong CO ra doan II tang tdi 

1 ~ 1,2% 

Sau 4 nam 

1,2+ 1,7% 


Mdt co sd dhng xiic tie B301, hoikn nguyen bang khi than pha CS 2 trong 44 gid, lam 
vide trong ty Id hoi nude/khi khd: 0,62. 
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Chircmg VI 

KHLTC0 2 KHOI h6n HCfP KHI NGUYEN LIEU 

Qua qui trinh ch& tao khi nguyfen Ii6u, cho du dung nhidn lieu ran, long, khf— mOt 
luqng nho C mat mat dudi dang co hoc trong gia cdng, dudi dang CO, CH 4 ... con phin Ion 
chuy^n sang dang C0 2 . 

Ba't ky qua trinh lam sach kht sir dung cdng nghe nao, trudc tien deu phai khu C0 2 . 
C0 2 la chat ddc dd'i vdi xuc tac, ngoai ra con anh huong d£n cac birdc lam sach cac hop chat 
co hai khac. Vi du day chuyen lam lanh sau, C0 2 di dong ran lam tac dudng dng va thidt bi; 
trong cong nghe khu CO bang dung dich phirc ddng amoniac; qua mdt nguong n6ng do C0 2 
k£t hop vdi gd'c NH 4 + lam giam kha nang hip thu CO cua dung dich. Mat khdc theo vdi su 
phat trien cua cdng nghe, nhu ciu vd C0 2 rit ldn: tdng hop ure, san xuit xoda, ch£ tao cac 
loai cacbonat, ch£ tao sunfat amon tir thach cao, lam chat tai nhiet lanh - tuyft cacbonic... 
Vi v&y khur, tach C0 2 rdi thu hdi C0 2 6 dang co thuin dd cao trd thanh mot yeu to' kinh t£ 
quan trong trong ldi dung tdng hop nguyen lieu. 

Hidn nay thudng dung nhung phuong phap chrnh sau: 

I. HAP THU - KHIT C0 2 KH6l KHI NGUYEN Ll£U BANG DUNG DICH 

nuqc - ruou g6c AMIN 


1. Mot so' tinh chat cua dung dich 

Thudng gap nhSt li dung djch rumi - amin vdi cac loai sau: 



Cdng thtrc ci'u tao 

Vidt tit 

Monoethanol amin MEA: 

11 /H 

ho-c-c-n( 

II n h 

RNH 2 

Diethanol amin DEA: 

1 1 

HO-C-C 
i i \ 

i i y NH 

HO-C-C 

i i 

r 2 nh 


i i 

HO-C-C , , 

t i \ ii. 



i i \ ii 

Triethanol amin TEA: t | N-C-C-OH R^N 

HO-C-C X 1 


i i 

Mdt sd hop chat iso, cac loai khdc nhu MDEA... 

Khi phuong pMp mdi ra ddi thudng dung TEA, song hidu suit th£p, kha nang phan 
ting kem, khdng dn dinh. Vi vAy hiftn thudng dttng MEA hoic DEA, nhit la MEA. Cac 
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thdng s6 noi tren diu cao, d6 tai sinh, ddi khi dung h6n hop MEA, DEA; khai thac kha nang 
di tai sinh ciia hap chat sau hap thu vdi DEA so vdi MEA nhu COS, CS 2 ... Rieng vi dd hoa 
tan trong dung dich, tdc do hap thu, 01110 dd kem dan di theo MEA > DEA > TEA. Mot so 
thong s<5 quan trong cua cac chat hap thu nay nhu sau: 



MEA 

DEA 

Phin tit luang 

61,08 

105,14 

Khoi luang rifeng (kg/m'') 

1017,9 

1091,9 

Nhiftt dd soi (°C) & 1,333 kPa 

71 

152 

a 101,308 kPa 

171 

270 

Dd hoa tan trong nude 6 20°C (% khdi luqng) 

Khdng han che 

Do kiem (ml axit lN/g ruau) 

16,39 

9,50 

Dd pH 24 l ’C 

12,5 

- 


Quan he ap suit bao hoa va nhiit do, tinh bang Pa: 
vdi MEA lgP = 11,71 - 2950/T 
DEA lgP= 12,12- 3837/T 

2. Phan umg hap thu 

Liy MEA lam vi du. MEA ddng thcfl hip thu C0 2 va H 2 S theo phan ilng: 


C0 2 + 2RNH 2 + H 2 0 

(RNH 3 ) 2 )C0 3 

(1) 

C0 2 + (RNH 3 ) 2 C0 3 + h 2 o =5^ 

2RNH 3 HC0 3 

(2) 

H 2 S + 2RNH 2 

(RNH 3 ) 2 S 

(3) 

H 2 S + (RNH 3 ) 2 S ^ 

2RNH 3 HS 

(4) 


trong do R-HOCH 2 CH 2 - 

Thuc ra phan umg (2), (4) la phan umg cu6'i cung. Trong cdng nghiep, dung djch san 
phim cua hap thu gdm ca cacbonat, bicacbonat sunfua va hydrosunfua. 

Mdt so cdng trinh nghien curu cho thay: N£u ct hieu suit hip thu thap - hoac con goi la 
muc dd cacbonat hoa thap (th£ hiin qua a - hiiu suit cacbonat hoa - mol C0 2 /mo! MEA) 
phan ung co ban se la: 

C0 2 + RNH 2 ^ RNHCOO' + H + (5) 

Trong dung dich nude ton tai qua trinh phan ting: 

RNH 2 + H + RNH 3 + (6) 

Va kit qua, hinh thanh cacbamat monoethanolamin: 

RNHCOO” + RNH 3 + = RNHCOORNH 3 (7) 

Hoac viit phan ung dudi dang tdng quat 

(l+n)RNH 2 + C0 2 (1-n) RNHCOOH + nRNHCOO” + nRNH 3 + (8) 

trong do: n - mile dd phin huy axit cacbamin. 


80 



Khi axit nay phan huy hoan toan 1 + n = 2 

Khi phan huy khdng hoan toan 1 < 1 + n < 2 

Khi phan huy hoan toan, 1 mol C0 2 phan ung vdi 2 mol MEA hay a < 0,5; he so ty 
luang n = 2 , Tinh ndng dd amin hoac tinh C h = C h() (1 - na) 
trong do C ho - ndng dd MEA trong dung dich ban diu mol/h't. 

Vi dung dich la kidm, C0 2 con phan ling vdi gdc OH 

C0 2 + OH" = HCO-T (9) 

HCO^ + OH" ^ CO-, 2- + H 2 0 (10) 

Khi pH » 8 + 9 con xay ra phan ling: C0 2 + H 2 0 HCO -, 2 + H + (11) 

Cacbonat monoethanolamin se bi phan huy hoac trong mdi trudng dung djch axit hoac 
kidm hinh thanh hydrocacbonat amin; 

RNHCOORH, + H 2 0 RNH 2 + RNH 3 HCO 3 (12) 

Tim thanh phan can bang cua mdt ha phan ung tid'n hanh song song a'y tren cd so cac 
hang sd can bang cua cac phan ling duoc coi la phan ung chtnh 

K 6 ; K h ; K ) 0 ;K m ;K 12 . 

Co the tra gia tri cua cac hang sd nay hoac bien thd cua chung trong cac sd tay ky thuat. 

Trong trudng hop a > 0.5, c 6 th£ coi phan ting chrnh la phan ling (9) va (12). Trong 
thuc t£ tinh toan can bang vat lidu cua ha'p thu, dua tren sd lidu cua thuc td san xua't, thudng 
coi qua trinh ha'p thu 50% C0 2 hinh thanh cacbonat va 50% hinh thanh bicacbonat, thuc te 
co thd dat miic cacbonat hoa khoang a = 0,65 - 0,75. 

Thuc ra, trong tinh toan thiet ke cd thd tinh quan hd giua ap sua't rieng phan cua C0 2 
trong pha khi va dd hoa tan cua C0 2 theo cdng thiic thuc nghidm sau; 

X = ap n 

trong do: x - ndng dd cua C0 2 trong dung djch tinh bang mol C0 2 /mol ruou EA; 
p * ap sudt rieng phln cua C0 2 tinh bang mmHg. 
a, n - nhOng hang sd thuc nghiem phu thudc vao nhidt dd, ndng dd va loai ruqu amin. 


Dudi day nfiu mdt sd vl du: 




Ndng dd EA, kmol/m 3 

Hd sd a 

n 

a nhiet do 50°C 

2 

0,398 

0,083 

Vdi MEA 

5 

0,398 

0,056 


2 

0,190 

0,197 

Vdi DEA 

5 

0,170 

0,187 


0,5 

0,0316 

0,46 

Vdi TEA 

2 

0,0098 

0,56 


3.5 

0,0062 

0,56 
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Nhung sd lieu tuong tu, duoc dang tai kha dfiy du trong s6 tay cOng nghe. Trong hap 
thu, song song vdi C0 2 con hap thu H 2 S, thanh phan H 2 S trong dung dich hap thu tang len, 
ap sua't bao hao ciia C0 2 tang nhanh, lam giam dOng lire hap thu. Tuy vay dung dich EA v&n 
duoc coi la dung djeh td't hap thu H 2 S va C0 2 . T6'c dd ha'p thu H 2 S cao hon nhieu so vdri 
C0 2 ; trong cung difeu kien, he sA ha'p thu g^p 3 *• 5 lan hap thu C0 2 , vi vay khi ra khoi thap 
n6ng d6 H 2 S coi nhu dat trang thai can bang vdi dung dich mdi phun vao dinh thap. Day la 
mdt cOng nghe tot de khir H 2 S - dac biet phu hop trong trudng hop lam sach H 2 S trong khi 
thien nhien cung cap cho cac ho sir dung lam nhien lieu. 

Trong day chuydn dam, edn khu sach H 2 S trucrc khi vao chuyAn hoa CO, sau chuydn 
hoa CO la hap thu C0 2 . Vi vay van d£ khu H 2 S khOng edn quan tam trong khu C0 2 . Trong 
qua trinh ha'p thu va tai sinh, con xay ra mdt s6 phan ting phu. 6 nhiet do cao, MEA va C0 2 
co kha nang hinh thanh hop chat kho phan huy - ngay trong qua trinh tai sinh - vf du phan 
ting hinh thanh oxazolidon 2. 

H 2 <p—CH 2 

HOCH 2 CH 2 NH 2 + C0 2 —► O NH + H 2 0 

V 

II 

o 


Sau do tiep tuc phan ling vdi MEA l-(2-oxyethylen)-imidazolidon-2: 

h 2 c-ch 2 h 2 c-ch 2 

O NH + HOCH 2 CH 2 NH 2 —► HO(CH 2 ) 2 -N NH + H 2 0 

cf cf 


II 


II 


o o 

va bu6c 3 thiiy phan imidazolidon hinh thanh N-(2-oxyethyl)-ethylendiamin (OEEDA): 


h 2 c-ch 2 

HO(CH 2 ) 2 -N ^NH + H 2 0 


HOCH 2 CH 2 -NH-CH 2 -CH 2 -NH 2 + co 2 


o 

va tie'p tuc hinh thanh cac hop cha't khac nua nhung truirng hop chat nay vira khdng tai sinh 
duoc, vita co nhiet dd nong chay cao. 


3. Ve m5t toe do hap thu 

Thuc ra khi thidt kd thap hap thu, vln co thd dua tr£n phuong phap tim bde chuydn 
khAi qua d6 thi y = f(x) edn bang va duemg thao tac thuc ti£n, song mdt sA phuong trinh 
ddng hoc neu I6n cung c6 gia trj tham khao dd xac dinh didu ki£n phan ting. 

Co the tinh he s6 chuydn khd'i theo: 

k = , Nm 3 CO^gid . at. m' 3 ddm 

Ap.V a 

trong d6: y] vd y 2 - % the tich C0 2 trong khi triroc va sau hdp thu; 

V - toe d6 luu luqng ddng khi Nm 3 /gid; 

Ap - ddng lire chuydn khd'i atm. m ? the ttch dem. 
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Thuc ra tfnh hg sd' chuydn khd'i trong phan ung ha'p thu hoa hoc nay rat phurc tap, deu 
dua vao cdng thurc kinh nghigm cho tirng loai dung dich hap thu nha’t dinh. Tuy vSy su dung 
ti'nh theo phucrng an bac chuygn khd'i cho ket qua kha phu hop s6' tigu thuc tg san xua't. 

4. Ve dieu kien cong nghe 

Hap thu hoac dudi ap sua't thudng hoic 6 ap suat trung binh 2 t 3 MPa. Ngay nay 
phan Idn qua trinh chuydn hoa CO tig'n hanh d ap suat nay, ngn sau do hap thu C0 2 cung d 
ap sua't a'y. 

6 ap suat thudng, thudng gap h6n hop khi' co ndng dd C0 2 ban dau cd 20 + 24%, sau 
ha'p thu ha xuong L * 2,5% C0 2 , ndng dd dung dich MEA 17 + 20%, nhigt do hap thu cd 35 
* 50°C. 

Vdi he ap suat cao cung dung dung dich MEA d 17 + 20%, ha'p thu dg'n muc a = 0,5 ^ 
0,55, d nhiet do 35 + 55'’C, ndng dd khi sach cd 40 + 100 ml 1 . 

Khi thi£t kg didu kien cdng nghe - thudng chon ndng do C0 2 trong dung dich phun 
vao thap - thudng goi la dung dich ngheo, dua vao kha nSng tai sinh dung dich sau hap thu 
(thudng cd 0,72 Nm 3 CC^/m 3 dung dich 1% MEA). Dung dich ra khoi thap ha'p thu tigp xuc 
vdi khi nguydn ligu vao thap, coi nhu dat 75% ndng dd d trang thai can bang. Trgn co sd 
a'yxac dinh luong dung dich ha'p thu. 

Van dd nhiet dd, can phai trdn co sd dung hoa anh hudng tfch cue cua nhigt dd tdi toe 
do phan ung hoa hoc va giam ddng luc chuydn khd'i do ap sua't bao hoa tang, thudng giu d 
nhigt dd khi vao d muc nhigt dd mdi trudng, nhiet dd ra bdi hieu ung nhiet ha'p thu: Thudng 
vao khoang 84500 kJ/kmol C0 2 . 

5. Van de tai sinh dung djeh sau hap thu 

Tai sinh thuc chat la tao dieu kign nhigt dd cao, ap sua't tha'p, nham tcich khi hoa tan. 
lay khi C0 2 co thuin dd cao (thudng trgn 99%), tai sinh duoc dung dich ha'p thu (dung dich 
ngheo) qua lam lanh trd lai thap ha'p thu hinh thanh mdt chu trinh tuan hoan. 

Nhung phan ting phu noi tren la phan ling phu trong tai sinh - phan ung gitia MEA va 
C0 2 . Ngoai ra neu co oxy se xay ra mot loai phan ung oxy hda MEA, tuy mtic do cd ihd tao 
thanh a amin aldehyt (NH 2 -CH 2 -CH=0), axit oxalic, axit foocmic, gay tdn that MEA, an 
mon thiet bi... 

Giu nhigt dd tai sinh d nhigt dd sdi cua dung dich dua vao tai sinh, 6 ap sua't dinh thap 
tai sinh. Ng'u tai sinh d 0,167 MPa, nhigt dd tai sinh cd 115 - 120°C. Ngudn nhigt bd sung 
bang hoi nude d 130 -145°C. 

Hinh 6.1 cho tha'y quan he gitia hg sd' nay vdi ndng dd EA d 50‘'C va hieu suat chuygn 
hda EA. 

Hinh 6.2 cho thay quan hg k vdi nong dd C0 2 trong khi, tdc do dong khi. 
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k, Nm7C0 2 /m gi(lat 


Hlnh 6.3 cho quan he 3p suit ri£ng ph&n C0 2 vcri <36 hoa tan. 



0 200 400 600 0 10 20 30 40 50 60 70 80 90 

Toe dO ddng khf, m Vgid Hi6u ^ ^ ^ 


Hinh 6.1: Hinh 6.2. Quan he giOa he so' chuyen khO'i 

1. dung djeh 2N M; va cac th6ng s6' khac b t = 50“C, 

2. dung dich 2 -5 N B; mat d6 ttrdi 3,4 m 2 /m 2 .gid: 

3. dung djeh 2N M; 1 dung dich 1 - 2 N M ngam 4 - 5%C0 2 ; 

4. dung djeh 5N B, 2. dung djeh 2 - 5 N M ngam 31- 32% C0 2 ; 

3. dung dich 2 - 4 D ngam 4 - 5% C0 2 ; 

4. dung djeh 2N M ngam 31 - 33% C0 2 ; 

5. dung djeh 2N D ng3rn 31 - 33% C0 2 ; 

6. dung djeh 3,51-1, T ngam 23 - 28% C0 2 . 



Ap suat neng phan cua C0 2 , at 

Hinh 6.3. Quan he n6ng d6 C0 2 trong dung dich vdi ap su&'t rieng ph&n C0 2 trong pha khu 

1- dung dich 2,5N - M; 2- dung djeh 2,5 - B 
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Khi' sau chuy^n hoa CO, ap suS't c5 2MPa, nhiit do 40°C dan vao thap hS’p thu 4 6 
dinh thap phun dung dich MEA (dung dich ngheo) vdi n6ng do MEA co 20%. 

Co hai dong MEA, mdt ddng I di tir dinh thap qua phan ly t£ch C0 2 , qua bom 16 dua 
len dinh thap. Mdt ddng thti II ltfy tir giura thap tai sinh qua lam lanh 12 lam lanh 11, bom 6 
dua vi thap hap thu 6 doan giOa thap. 

Dung dich day thap h&'p thu mdt phtin tuin hoan trd vi thap hip thu mot phan qua gia 
nhiit den 145°C bing hoi nude trong thiet bj truyin nhiit sd 10 dua ve gia nhiit, vao giua 
thap tai sinh. 

Do la nhihig net co ban, ngoiii ra con mdt loat thiit thid't bj lam lanh dung djeh MEA. 

Thiet bj chinh d day la thap hap thu va thap tai sinh. Thudng dung thap dTa, hoac dTa 
ludi hoac dTa 16, hoic loai chop kiiu supap nhu nhung thiit bi thong thudng khac, nhung co 
so san xuit nho co the dung thap dim. 

II. HAP THU C0 2 BANG DUNG DICH CACBONAT - C6NG NGHE BENFIELD 

1. Thuc ra cacbonat, chii yiu la Na 2 C0 3 , K 2 CO^ diu co kha nang hA'p thu C0 2 tach 
khoi hdn hop khl - de chuyen sang bicacbonat NaHCO-,, KHCO v Song dd hoa tan cua 
Na 2 CO-*, NaHCO;* deu rat nho so vdi K 2 CO ? , KHCO^; di kit tua; them nua nong do cang 
cao kha ning hip thu cang ldn. Vi viy hiin nay chit yi'u dung K 2 C0 2 . Thuc hiin phan ting: 

K 2 C0 2 + C0 2 + H 2 0 = 2KHCO ? + Q 

Trudc kia, do phan umg tiin hanh chfim chap, qua trinh tai sinh khd khan, tiiu hao hoi 
nude, cho nin it dung. Sau nay tien hanh hip thu d nhiit do gin vdi nhiit dd soi cua dung 
dich, do vay: dd hoa tan cua kiim tang rat 
nhanh theo nhiit dd tang, toe dd hip thu hoa 
hoc cung tang, qua trinh tai sinh di dang vi 
vay mdt edng nghi mdi - hip thu bang dung 
dich kiim nong dude phat triin manh, trd 
thanh mdt edng nghi phd bii'n (tuong tu nhu 
hap thu H 2 S). Hiin nay Cdng ty Phan dam Ha 
Bac dang dilng edng nghi nay. 

Hinh 6.6 cho thiy quan hi node 
cacbonat hoa, nhiet dd va dd hoa tan cua 
dung djeh. 

Co the xac dinh mure dd cacbonat hoa 
cue dai vi du dung dich 40% K 2 C0 2 d 100°C, 
muc cacbonat hoa cue dai la 80%; 50%; 60% 
tuong ring la 35 va 25%. 


700 

600 “ 

■CU 

o 

.c 

500 S 

-C 

o 

-o' 

400 

o 

Q 

300 


30 50 70 90 110 130 

Nhifet d6 , °C 

Hinh 6.6 

1. dirfjng cong do hoa tan ctia K 2 C0 3 ; 
2 di/ong cong do hoa tan cOa KHC0 3 ; 

3. dung dich 40% K 2 C0 3 - ni/dc; 

4. dung dich 50% K 2 C0 3 - nude; 

5. dung djeh 60% K 2 C0 3 - mrefe; 
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Vircrt qua muc cacbonat ay, hoac ha nhiet dp tha'p han se ket tinh KHCO v 

Mot s6 U\i lifeu gidi thipu cdng thurc kinh nghipm d£ ti'nh dp hoa tan cua C0 2 trong 
dung dich K 2 C0 3 , a mien nhipt dp 40 + 50°C nhu sau: 

trong do: pco 2 - ap suit rifing phin cua C0 2 tren dung dich hap thu; 

a - muc dp cacbonat h6a dung dich tinh bang mol C0 2 /mol K 2 C0 3 ; 

K’ - hang sd' dac trimg cho can bang pha khi' - long ti'nh bang cong thirc: 

lgK’ = lgK 0 + ba. 

lek = C_ 

g 0 2.3RT 

AH - nhiet ha'p thu C0 2 bang K 2 C0 3 trong diPu kien a = 0 (J/mol C0 2 ) 

R = 8,33 hang s6' khi (J/mol. °C) 

B, C - hang so thuc nghipm phy thudc vao nPng dp dung dich ha'p thu, co th£ tra 
trong s6 tay vt Dam. 

Mot sP co sd san xuA't con bo sung khoang 1-^2% DEA vao dung djch kiPm nham 
giam ap sua't can bang cua C0 2 , qua do nang cao hieu suat va toe dp hap thu dung dich 
K 2 C0 3 dpi vdi C0 2 . dat mire dp lam sach cao hem. 

2. Dung vp mat co che cua phan ting hap thu: co thl coi trude hPt co su dien ly trong 
dung dich nude: 

k 2 co 3 + h 2 o = 

[C0 3 + H 2 0 = 

C0 2 + H 2 0 = 

C0 2 + OH" HC0 3 
Sau phan ting ha'p thu (3), H 2 C0 3 ^ 
va HC0 3 ~ = C0 3 

C0 3 2- + H 2 0 5= 

H+ ] [hco,] 


Khi ha'p thu C0 2 : 


2K + + HC0 3 ~ + OH' 

0) 

K + + H 2 C0 3 + OH' 

(2) 

h 2 co 3 

(3) 

hco 3 ~ 

(4) 

HC0 3 ~ + H + 

(5) 

C0 3 2 ' + H + 

(6) 

HC0 3 ‘ + OH’ 

(7) 


6 nhipt dp 100°C hang sP dien ly K s = 


K* = 


[h 2 co 3 ] 
[co?-] [h*] 


= 3.10 


-7 


1 


HCOi 


= 6.10 


-ii 


Ha'p thu co the bo qua phan ting thuy phan bude 2 [6]. 

Vi vay tPc dp cua phan ting ha'p thu co th£ tinh theo phuong trinh ddng hoc sau: 

r C02 = k 3 + k 4 [C0 2 ] [OH - ] 
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trong do: k 3 , k 4 - hang so tdc dd cua phan ting (3), (4); con ndng dp [OH ] tfnh qua hang sP 
can bang cua K 6 va hang sd dien ly cua nude K w = [H + ] [OH - ] 



ICO,' 


= R 

|HC0 3 

hoac nPu goi (1 la ty Ie gitfa ion cabonat va bicacbonat trong dung dich. cung co the thu xep 
cac hang so, dua phuong trinh dpng hoc vP dang bac 1 theo C0 2 : 

r co 2 = C C o 2 

trong do: C c02 - nPng dd cua C0 2 . 


3. Ve mat edng nghe: phd biPn la pha them 1% ~ 1,5% DEA vao dung djeh kiem 20 + 
30%. Ha'p thu va tai sinh d ciing m6t nhiet dd - edng nghe kiem nong, 6 khoang 70°C co 
nhieu day chuyPn ha'p thu 6 2 - 3 MPa nhiet dp 100 ( 'C, ra khoi thap chimg 117 -h 119 0 C, 
giam ap xudng cd 0,4 at. Dung dich sau tai sinh xudng 70°C trd vp thap vdi ty ie 
mol C0 2 /mol MEA = 0,1. 

DP tranh an mon, thudng bo sung V 2 O s nhu mpt chat tic che' qua trinh an mon thie't bi. 
Trong qua trinh tuSn hoan dung dich, mpt lupng nha't dinh V chuyen vp hoa tri thap, vi vay 
thucmg dinh ky bo sung khdng khi', hoac dua chat oxy hoa nhu KN0 3 , chuyen vP V +5 , tuong 
tu trong ha'p thu H 2 S. 


III. PHUGNG PHAP HAP THU C0 2 BANG METANOL 


Metanol ha'p thu tdt C0 2 , ha'p thu thuln tuy mang ttnh cha't vat ly. Bang dudi day cho 
tha'y dp hoa tan ay (ml C0 2 /g CH 2 OH). 


Ap suit, at 

Nhiet dp, °C 

6,8 at 

10,7 at 

16,5 at 

22,3 

30 

0 

59,5 

94,5 

174 

270 


25 

27,9 

49,3 

82,5 

118 

107 


Ap suat, mmHg 

Nhiet dp, °C 

50 

100 

200 

400 

700 

-78 

12,8 

25,7 

53,5 

116,5 

240 

-59 


8,3 

17,0 

35,0 

68 


Nhu vay ngay d nhiet dd thudng, dd hoa tan cua C0 2 trong CH 3 OH da ldn hon nude, 
dd hoa tan tang nhanh khi nhiet dd giam, dac biet d trong miPn -30°C tdi -60°C. Vi vay qua 
trinh tip'n hanh d nhiet dp tha'p va ip sua't cd 10 + 50 at. Trong miPn 0”C den -78,5‘'C co the 
tinh dp hoa tan theo edng thuc: 

lgS = lgP + 908/T-6,865 

trong do: S - dd hoa tan cua C0 2 - tinh bang cm 11 C0 2 /g CH 3 OH; 
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P - ap suat (Pa); 

T - nhibt do (°K). 

Trong cong nghibp vdi khf ham luqng C0 2 cao (cd 25 + 30%), a ap suat sau chuy^n 
hoa (cd 20 + 25 at) sau khi lam lanh so bo tdi -20°C dua vao thap hap thu tir day thap. 

Phun CH^OH a nhibt d6 -75°C vao dinh thap. Qua trinh ha'p thu toa nhibt, nang nhiet 
do dung djch tdi -20°C; dung djch qua giam ap lln thu nhat xud'ng ap suat thudng, sau do 
giam ap xuong tdi dd chan kh6ng 0,2 at. Hau h£'t C0 2 tach ra, do hieu ung nha, nhiet do 
dung dich xud'ng -75°C lai qua bom cao ap dua vb hap thu vdi nhiet dd chUng -62“C. 

Phuong an naykha uu viet, loai trir thao tac kern lam ton that CH-^OH - mot dung moi 
db bay hoi. Ve mat nang luqng: neu kb't hop td't giua hb thd'ng may bang cung cap tuqng lanh 
vdi qua trinh tid't luu ngay trong qua trinh giam ap dung dich, co the tier kibm duqc mot 
luqng ldn nang luqng. 

Trong nhung nam dlu thS - ky 20, nhibu nude vln sir dung edng nghe hap thu C0 2 bang 
nude cao ap, cho dii la co thu h6i nang luqng song vin tdn nang luqng, hieu qua kem, ndn 
cho tdi nay ft diing. 

Van de thu hdi C0 2 trd thanh mdt van de quan trong, vi v4y kha nhieu phuong an 
edng nghe da duqc dua vao san xult. Nhung nhung phuong an neu trbn la kha pho bib'n. Co 
thb tom tat nhu sau nhung edng nghb dung trong t6ng hop NH 3 nhu sau: 


Nhung phuong phlp hoa hoc 

Dung djch hap thu 

Phu gia 
chtfng 3n mon 

Ham C0 2 sau tinh 
che 

G6c amin 




MEA 

15-20% MEA 

khbng 

< 50 ppm 

MEA + chat Uc chb 

25 - 35% MEA + phu gia Uc chb 

CO 

< 50 ppm 

TEA/MEA 


khbng 

< 50 ppm 

AMDEA 

40% - 5% MDEA + phu gia 

khbng 

< 100 - 1000 ppm 

Gb'c cacbonat kali 




(Benfietd) K 2 C0 3 + phu gia 

25 - 30% K 2 C0 3 

CO 

< 500 ppm 

K 2 C0 3 + EA 

K 2 C0 3 + phu gia 

c6 

< 500 ppm 

(vetrocoke) K 2 C0 3 + As 2 0 3 

K 2 C0 3 phu gia A$ 2 0 3 

As 2 0 3 

< 500 ppm 

KjC 0 3 + ruqu amin, glycin 

K 2 C0 3 , glycin ruqu amin 

co 

< 250 ppm 

Sulfinol 

Sulfolan, dung dich 
diisopropanolamin 

khbng 

< 100 ppm 

Hap thu vat ly 




(Pursol) NMP 

N-metyl-2-pyrolidon 

khbng 

< 50 ppm 

(Recisol) Metanol 

Metanol 

khbng 

<10 ppm 

Dung mbi fluor 

Propylen cabonat 

khbng 

Tuy ap suit 

(Selexol) Propylen glycol 

dimetyl ete 

khbng 

- 
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Chirong VII 

KHlTCO KHOI H6N HOP KHI NGUYEN LIEU 

# « 

Tuy dieu kidn chuyen hoa CO. ham luong CO trong khi' than con khoang tir 0,4 4- 3% 
CO, sau khi khir C0 2 , him luong nay se tang Ifen vi CO rit ft hoa tan trong cac dung dich 
dung trong hap thu C0 2 . Can ha ham luong CO xuing 10 ppm hoic cang ft hon cang t6't 
trudc khi vao ting hop NH^. 

Hi6n nay co hai loai phuong phap khu CO. 

Phvrong phap v&t ly - dung nita long hoa tan CO, tich khoi khi (vdi ham luong 
<0,5%); hoac hip phu bing zeolit. 

Phuong phap hoa hoc: hoac dung phuong phap hip thu hoa hoc, hap thu CO bang 
dung djch thich hop, hoac dung phuong phap nhiet. Metan hoa CO nho phan ung trin xuc 
tic CO + 3H 2 = CH 4 + H 2 0, biin CO thanh khi tro CH 4 , hoic oxy hoa CO + l/20 2 = C0 2 , 
song song vdi phan thvg H 2 + l/20 2 + H 2 0, giam phan urng thur hai xuing mure toi thieu nhb 
tim xuc tac co n'nh chon loc cao ddi veri phan img thti nhit. 

6 diy quan tam din nhOng phuong phap thudng dung trong cong nghifep. 

I. PHUONG PHAP HAP THU CO BANG DUNG DICH PHtfC DONG (Cu + ) 

Nguyen ly co ban cua phuong phap nay la thuc hien phan ling hip thu hoa hoc: 

Cu(NH^) n + + NH-, (tu do) + CO, ^ Cu(NH 1 ) n+l CO + + Q (1) 

* 

CO g 

Phan ung thuin: khu CO khoi h6n hop khi, phan ung nghich: nha CO tai sinh dung 
dich d6ng. Hien edng ty phan dam Ha Bic, cung nhu nhiiu co set san xuat (dac biet co so 
san xuit sir dung edng nghe chuyen h6a CO tren xuc tie nhidt dd cao) dung phuong phap 
nay. 

1. Dung djch hap thu 

Thanh phin hoat tlnh la phurc amoniac d6ng hoa tri 1 (Cu + ), va mot phin d dang hoa 
tri 2 (Cu ++ ) (do tuin hoan dung dich), gdc axit thudng la axit axetic, foocmic, cacbonat hoic 
clorua. Diing phi biin nhit la axit foocmic va axetic. Dung dich foocmiat ding amoniac co 
uu diim: kha nang hip thu tot vi ham luong ting Cu cao (145 - 150 g//), Cu + cung Ion, phan 
ling b nhidt do thip gin nhu mit chiiu, n6ng dd CO b trang thai can bing rit tha'p nfin co thi 
ha ham luong CO trong khi tdi vai ppm. Nhuoc diem lem nhit cua axit foocmic la ap suit 
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bao ho4 lPn, dP bay hoi gay t6n that, d6 phan hay khi tai sinh b nhiet dp cao, gia ca lai dat. 
Do do thucmg thay bang axit axetic - dung dich ha'p thu dupi dang phurc axetat ddng 
amoniac. Ham lupng tPng d6ng vao khoang 140 - 160 g//, ham lupng Cu + khPng kem dung 
dich foocmiat. 

Nhu v4y vdi dung dich phirc axetat d6ng amoniac, cac thanh phin cation, anion trong 
dung dich bao gPm: 

C4u tir Cu + Cu ++ Tong NH-, CO, 2- AC' HC0 3 ~ 

N6ng dp gmol/I A + A ++ B tPng C D E (co th^? bo qua 

TPng dPng A tPng = A + + A ++ 

Cu + A* 

Ty 16 d6ng R = -^-= — 

Cu ++ A ++ 

Ph4n amoniac cr dang NH 3 tu do, dang n4m trong phurc, dang cP dinh trong muoi NH 4 + 

B tPng = B phuc + B cP djnh + B tu do 
trong do B phurc = 2A + + 4A 2+ vi phurc o dang [Cu(NH 3 ) 2 ] + va [Cu(NH 3 ) 4 ] 2+ 

De dam bao dung dich phai trung hoa ve dien tich nen: 

A + + 2A 2+ + B cP dinh = 2C + D 

Nhu v4y tmh ra npng dp NH-, tu do trong dung dich nguyen lieu cho hap thu: 

B = B tdng - (A + + 2A 2+ + 2C + D) 

CPng ty ph4n dam Ha B<fc cung nhu cac co s6 dimg phuong phap nay de’ khur CO. 
thucmg dung dung dich c6 th4nh ph4n cu thP nhu sau (nPng dp tfnh theo mol/lit) 

TPng Cu Cu + Cu ++ NH 3 tPng TPng C0 2 HAC R 

2,2 -s- 2,5 2 + 2,1 0,3-0,35 9,0-5- 18 <2,2 2.2 + 2,7 5 + 7 

Ty trong cua dung dich trong khoang 1,2-5- 1,25; bang diPm -25°C; dp nhch cua dung 
djch kha lPn, tang rPt nhanh theo muc ha th4p cua nhiet dp, vi du a 25°C va 0”C dp nhdt 
khoang 2,2 cP va 4,9 cP. 


2. Phcin ting hap thu 

Qud trinh hap thu h6a hoc di6n ra theo phan ung [1] co diPu sP phoi tri cua ion: n thucmg 
la 2. Tuy v4y cPn nhiPu y kiPn kh4c nhau. Day 14 phan ting toa nhiet. 6 nhiet dp tha'p (0 -5- 20°C), 
phurc dPng amoniac co thP hoan loan ha'p thu CO; ngupc lai b nhiet dp cao (70 + 80"C), thuc 
hi6n phan umg nghich - phan huy [Cu(NH) n+ ,CO + ], nha CO vdi mpt tPc dp rat cao. 

Hang sP can bang cho he dung djch thuc nay tfnh theo: 
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Nfi'u gia thiet nhiet do hok tan ciia CO trong dung dich d6ng tuan theo dinh luat Henri, 
nghia la C co = H.p co trong do H la hang so Henri, khi do 

C 


K r =- 


'Cu(NH,)j.CO + 


K. 


a c U (NH 3 )r CNH ^ Pco K r 


. H 


Thucfng tinh hang s6' can bang theo cong thiic: 

AH 


lgK c = 


2.303.R.T 


- 0,04J + C 


trong do: J - cudng d6 ion 

J=isC i .Z i 2 

C ; - n6ng do phkn tir gmol/Ht; 

Z; - hoa tri ciia ion; 

-AH - hidu ung nhiet; 

C - hang so; 

V6i dung dich axetat dong -AH = 44,79 kJ/mol; C = 7,70 
Voi dung dich foocmiat d6ng -AH = 56,51 kJ/mol; C = 9,83 
Co the coi nhu dung dich co nhung ion chu yeu sau: Cu + , Cu 2+ , C0 3 2 , Ac", NH 4 + . 
Ne'u got N: so mol CO co the duoc hap thu bdi 1 mol Cu + khi phan ting dat can bang. Vky 
md'i quan he gifra trang thai ban dau va can bang nhu sau: 


Cu(NH 3 ) 2 + Cu(NH 3 ).CO + 
Trang thai ban dku A 0 

Den can bang A - A.x* A.x* 


Hay Kc = 


(1 -x*)(B-A.x*) 


tir do rut ra; 


NH 3 ty do 

B gmol/h't 

B - A.x 4 ' trong do x*: hieu suit 
chuydn hoa can bang 


2A 


Sau khi dung djch dong ban dau (mdi) hap thu CO, trong dung djch sc tdn tai 2 dang 
CO, mot b dang hoa tan vat ly, m6t cr dang phtic [Cu(NH 3 ) 3 CO + ], 

6 nhiet do ha'p thu cao K c thucrng 16n so vdi H, CO chu yeu t6n tai a dang phuc vi vay 
ndng do phtrc gan dung bang nong do CO trong dung djch. 

Hoke khi do, m6i don vi the rich dung dich co the hap thu mot the tt'ch V co - quy vd 
trang thai tieu chuan, se bang: 

V co = 22,4 A.x* 
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Day co the coi nhu dac trirng cho kha nang ha'p thu cua dung djch dbng. Jaboronkob 
gioi thieu mbt cbng thuc thuc nghiem ti'nh kha nang hap thu nay: 

v - v a ' Pco 

V CO - v mux- , , - - - 

1 + a.pco 

trong do: V max - kha nang hap thu cue dai cua dung dich dong (m 3 CO/m 3 dung dich); 

Pco ■ su&'t rieng phan cua CO trong pha khi'; 
a - hfi so tuy thubc thanh phan dung dich va nhiet db. 

V( du vbi dung djch thubng gap, co thi tra mbi quan he ham a = f(T) tren cac sb tay 
ky thuat. 


3. Ve mat toe do phan ting 

Hau he't cac cong trinh nghien cuu da cbng bb d nhiet db hap thu thubng gap (0 + 
10°C) t6'c db phan ring rat nhanh. Phan ring ke't thuc ngay tren bb mat phan chia pha. Co the 
dua vao day de tmh the do chuyen khbi. Cung c6 mot sb cbng trinh gia thiet qua trinh hap 
thu trd luc ha'p thu d mang pha khi, nghla la nfe'u ti'nh theo cbng thuc chuyen khbi: 

G a = k Ag F. Ap a [kg CO ha'p thu/gib]. 

F - dien tich ha'p thu (m 2 ); 

Ap a - dbng luc ha'p thu (at). 

khi do k Al! ~ —7— pig - ap suat rieng phin binh quin cua khi tro (at) 

® nio ' 


a A E 

a Ag - he sb chuyen khoi cua CO qua mang trd luc pha khi kg CO/m\gid.at 
trong do he sb a Ag ti'nh qua chu&n sb' Sherwood. 

Sh = 0,11 Re™ Sc 0 ' 8 


vdi Sh = 


Re = ^ . Sc . SH 


d - dudng kfnh dem ; 

8 Aj - he sb khubch tan phan tu cua CO trong khi tro (kg/m.gib); 
q - he sb db nhdt dbng luc cua dbng khi (kg/m.gib); 

g - tbc db cua dbng khi tinh theo khbi luong, tren thap trong (tbc db gia) (kg/m 2 .gib); 
dz - ty le thb tich dem/ bb mat dem (m); 
m - ty le mol CO trbn mol he khi tro. 

^Ai ~ Pa^a 

trong do p A • khbi luong rieng CO d trang thdi lieu chuin kg/m 3 ; 
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D a - he s6 khue'ch tan phan tir cua CO trong he khi tro, tfnh b trang thai tieu chnain 
m 2 /gic>; 

T - nhiet dd lam viec, °C. 

Tinh toan theo phuong an nay cho ket qua kha phu hap vdi dieu kien thuc te san xua't. 
Vdi dung dich 120 g/1 Cu + gia tri V max = 42,2 m 3 /m 3 CO va b mien 15°C gia tri a khoang 
3,8. 

4. Nhumg thong so ky thuat thong dung trong hap thu d quy mo cong 
nghiep 

a. Van de nhiet dd: nhiet dd anh hucmg tdi td'c dd hap thu, dd nhdrt cua dung dich va 
tieu hao luong lanh. Thucmg nhiet dd dung dich ban d^u khoang 5 + 10°C; sau ha'p thu 15 + 
20°C. 

b. Va'n de ap sua't: ap sua't cao ducmg nhien hap thu t6't, song neu ap sua't rieng phan 
cua CO vuqt qua 4 + 5 at, anh hucmg cua ap sua't khdng ldn. 

Thuc te' b cdng ty phan dam Ha Bac, vdi CO quang 3%, ap sua't ha'p thu vao khoang 
100 + 120 at. 

c. Va'n dd thanh ph£n dung dich: n6ng dd Cu + true tiep anh hucmg tdi ha'p thu. 

Tuy vay trong ha'p thu con dien ra met phan ung phu rat quan trong: 

2[Cu(NH 3 ) 2 ] + [Cu(NH 3 ) 4 ] 2+ + Cul + Q 

nhu vay vdi nong dd Cu + (d dang Cu(NH 3 ) + ), so vdi Cu 2+ (b dang Cu(NH 3 ) 4 2+ ) hoac viel 
dudi dang ty le ddng R = Cu + /Cu 2+ , se true tie'p anh hucmg tdi can bang cua phan ung tren: 



ty le nay dan tdi ket tiia ddng gay tdn that d6ng, tac ducmg 6'ng, thap, berm. Trong edng 
nghiep thudng duy tri gia tri cua R trong mien 5-7. 

Tir can bang tren co the tha'y NH 3 b trang thai tu do anh hucmg tdi n3ng luc h3p thu 
cua dung dich ddng. Mdc dd tang khdng ty le thuan, them nua ap sua't bao hoa NH 3 se anh 
hucmg tdi mtic dd tdn that NH 3 . Trong cdng nghiep, vdi dung dich axetat ddng, thudng duy 
tri ty le B,^ ng / (2C + D) = 1,6 + 1,8. Luang axit dam bao tinh On dinh cua dung dich mang 
tfnh kiem nay, thucmg giu D/ (A+A’) = 1,1, nghta la vuert 10% so vdi tdng hkm luong dong. 
Cdn hieu sua't chuyen hoa thudng giu 1 b muc 50% hieu sua't chuydn hoa can bang. Khi do 
ne'u A = 2 + 2,2 K ion/m 3 dung dich tuong ung kha nang ha'p thu cd 18 + 25 m 3 CO/m 3 dung 
dich ddng. N6ng dd CO trong dung dich tuin hoan phun vao thap ha'p thu dat co 0,005 -f 
0,01 m 3 /m. 
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5. Nhumg phan umg phu 

Mdt thuan lpi la dung dich kiem nay ha'p thu cac khi axil. 

Vi du vdfi C0 2 : 2NH 3 + C0 2 + H 2 0 = (NH 4 ) 2 C0 3 + Q hoac thanh NH 2 HCO ? tuy mure 
dp hap thu C0 2 nhu nhumg muoi cacbonat kim loai kidm khac vdi H 2 S cung vay. Neu con 
oxy se xay ra phan ling: 

2Cu(NH 3 ) 2 AC + 4NH 3 + 2HAC + l/20 2 = 2Cu(NH 3 ) 4 AC 2 + H 2 0 + Q 
nhu vay oxy se chuyen Cu + thanh Cu 2+ , giam kha nang ha'p thu cua dung dich. Tuy trong khi 
than, ham lupng oxy thap song do thudng lupng khi than qua xtr ly qua Idn, nen dd khdng 
che ty 16 R, cSn quan tarn ddn phan umg nay. 

6. Van de nha CO va tai sinh dung djeh, quay trd tai vong tuin hoan hap thu - 
nha ha'p thu; tach CO, C0 2 , H 2 S khoi dung dich; didu chinh R. Phan umg tai sinh chfnh la 
phan umg nghich cua phan ung ha'p thu; con vdi phan ting phan huy cac mudi - san phdm 
cua phan ung ha'p thu gitia hydroxit amoni va C0 2 , H 2 S... 

Phan ting tai sinh tidn hanh trong dieu ki6n ngupc vdi phan ting hap thu. Nhidt dp tai 
sinh chng cao cang tdt, gidi han 6 tinh dn d|nh cua dung dich, thudng d dudi 80°C vi d nhiet 
dd nay ap sua't bao hoa tang dot bidn, vdi dung dich axetat thudng giu d mdc 50°C. Ap sua't 
tai sinh cung vay thudng giu d mdc du d 4 khi tai sinh khac phuc dupe trd lire lr6n dudng dng 
thu hdi khi tai sinh, hoac xa ra khdng khi. 

Trong qua trinh tai sinh con co kha nang didn ra phan ting khtr, gitia CO vira nha vdi 
Cu + dd sinh thanh Cu 2+ ; trong edng nghi6p quen goi la phan ting hoan nguy6n, va cung goi 
ngay bp phan thidt bi nay la thidt bj hoan nguydn. 

2Cu(NH 3 ) 2 + + CO + H 2 0 = 2CuO + C0 2 t + 2NH 3 + 2NH 4 “ - Q 
hoac d mure trung binh 

2 Cu 2+ + CO + H 2 0= 2Cu° + C0 2 T + 2H + 

Bdi vay khi thidt ke tMp tai sinh nay can quan tam khdng chi ddn nhidt dd, ap sua't, 
lupng khdng khi thdi vao nham dieu chinh R va con luu $ ddn ca thdi gian dung cua khi tai 
sinh trong thap. 

Hinh 7.1 gidi thidu day chuydn edng nghe, thap ha'p thu va tai sinh tai day chuyen 
dam Ha Bac. 

II. PHLTONG PHAP KHlT CO DlTA VAO PHAN (TNG TRfeN XUC TAC 

Trong edng nghidp dam, dd bao v6 xuc tac tdng hop NH 3 , edn ha ham lupng CO 
xudng tdi mure tdi thidu. Neu qua cac bude khu CO, C0 2 , 0 2 ndi trdn, ham lupng trong khi 
san pha’m d mure CO + C0 2 + 0 2 > 50 ppm, nhdt thiet phai qua khu sach xudng cd 10 ppm. 
Trudng hop nay can sur dung xuc tac dd bien chung thanh CH 4 , mdt chdt vo hai ddi vdi xuc 
tac. Co hai hudng. 


95 




Hinh 7 A, Day chuy£n c6ng ngh£ hap thu va tai sinh CO bang dung dich phurc axetat dong 

1. thap hap thu CO (dung dich Cu + ); 2. thap hap thu C0 2 (dung dich NaOH); 3. bdm dung dich dong; 4, bcfm dung 
djch kiem; 5, 6 cum bdm, thung hoa kiem; 7. thiet bi lam lanh bang amoniac; 8. thiet bj lam lanh b&ng ni/dc; 9, thap 
hap thu NH 3 thai; 10, thung tai sinh; 11. thiet bj hoan nguyen/truyen nhiet; 12. thung chifa; 13, 14, 15. he hoa tan 
dong; 16. thung phan ly; 17, 18, 19, 20. he (am lanh bSng NH 3 (may bang); 21, 22. thung chLTa, thung loc 


















Hudmg thti nha't, trfen xuc tac Co-Ni thuc hidn phan ting: 

CO + 3H 2 —► CH 4 + H 2 0 AH 298 = -206,2 kJ/mol 
C0 2 + 4H 2 —► CH 4 + 2H 2 0 =-185,0 kJ/mol 

0 2 + 2H 2 = 2H 2 0 

Mot so loai xuc tac thudng dung co nhting dac difim sau: 


Loai xuc tac 

J101 

Trung Qutfc 

J105 

Trung Qu6c 

Cl 50-1-01 
UCI My 

C150-1-03 
UCI My 

MCR-2X 

Dan Mach 

HKM1 

Nga 

Ni % 

>21% 

>21% 

> 50% 

> 50% 

24 

36% NiO 

Ch3t mang, 
phu gia 

aia 

42-46% 

> 22,0- 30,5 

7,6 - 10% R A 

Kishelgur 

ai 2 o 3 

G6m 


B6 mat riSng m 2 /g 

250 

100 





Nhi6t dd °C 

300 - 500 



250 - 700 

250 - 700 

>1700 


Didu kien lam vific hoan loan tuong tu nhu qua trinh tdng hop NH-,. Trong edng 
nghiep, phucfng an nay thudng dimg cho h£ co cong suat Ion, cd tren 600 tin NH ? /ngay. Dat 
m6t thap metan hoa trude thap tdng hop NH ? . 

Trong cac co so nho, nang suit cua day chuydn don vi nho ft sir dung phuong an nay, 

Vdi loai xuc tac noi trdn co the ha (CO + C0 2 ) < 5 ppm va cung do toe do cua phan 
ting hydro hoa CO ldn hon so vdi phan ting C0 2 , n£n trong hdn hop nay, ham luong CO con 
khoang 2 ppm, con lai 8 ppm la C0 2 . 

Hudng thti hai, thuc hidn phan ting oxy hoa: 

CO + l/20 2 = C0 2 . 

T6c d6 phan ting ldn, C0 2 ft ddc hon tuy nhifen dong (hoi cung lam t6n tha't mot luong 
kha ldn H 2 do phan ting oxy hoa. Van dd la chon xuc tac, vdi tinh chon loc cao cua xtic tac - 
chi tang td'c phan ting chay cua C0 2 - vi du Mn0 2 , CuO... 

Tuy vay phuong an nay ft duoc sti dung trong edng nghiep. 

III. PHUONG PHAP RUA CO BANG NITO LONG 

CO hoa tan trong nito long, co the dung nito long vita tach CO vira cung cap nito cho 
nhung dong khi nguyfin lieu thuSn H 2 cho t6ng hop NH 3 . 

Phuong phap niy dua tren nguydn ly dd hoa tan cua CO trong nito long kha ldn. Vi 
vay phuong phap nay gdn lidn vdi edng nghfi lam lanh s£u - se de cap dd'n trong chuong 
VIII. Hinh 7.2 la mdt so dd lam sach CO trong khi H 2 tach ra tir phan ly khi noc 16 cok. Hdn 
hop khi CH 4 + H 2 di qua lam lanh trong tbid't bi bay hoi nito long d -180°C 4- -160'’C (1) 
sau do vao thap rira. Nito long phun tir dinh thap rua (2), ki£u dla 16. 
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Trong qua trinli di nguoc chifeu, khi I-I 2 lam bay hoi N 2 tao h6n hop khi H 2 /N 2 \6i ty le 
92% H 2 , 8% N 2 . sau do bo sung N 2 dat ty Id H 2 /N 2 cfin cho t6ng hap NH 2 (3/1). CO se di 
ciing nita ra khoi thap rira dudi dang san pha’m day thap. 

Day la phuang an thucmg dilng cho cac he che tao rieng re H 2 va N 2 (bang phuang 
phap lam lanh sau) trong chd tao khi nguyen lieu cho t6ng hop NH V 



Hinh 7.2 

1, thap bay hdi nil i long; 2. thao rda CO 
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Churong VIII 

PHAN TACH H6N H0P KHI BANC PHl/dNG PHAP HOA LONG 

Hoa long mdt h6n hop khi, sau d6 dung phuong phap chung tach ca'u tu d£ dat dupe 
cac ca'u tir rieng re; hoac hoa long theo dang ngung tu timg phan, tuong ung vdi cac phi diem 
khac nhau dupe th4 long vdi cac thanh phan ridng re la phuong phap dupe ung dung kha 
rdng rai hidn nay. Trong cong nghiep ung dung rdng rai hai qua trinh: 

Qua trinh hoa long khdng khi, sau dd chung tach dupe cac san phiJm vdi thuAn dp theo 
ydu cau thid't ke: nito, oxy, cac khi tro khac nhu Ar, Ne, Kr. Xe, He... goi la edng nghS phan 
ly khdng khi. 

Qua trinh ngung tu, hoa long thng phin khi than cok lay hydro goi la edng nghp phan 
ly khi than cok, tach hydro (bao gdm phan ly cac hdn hop cacbua hydro khac). Tat ca cac 
qua trinh nay deu gin vdi qua trinh lam lanh. 

Ngudi ta chia qua trinh lam lanh - dua tren co sd nhiet dp cuoi ciing, thanh qua trinh 
lam lanh thudng - chi qua trinh lam lanh xuPng nhifit dp moi trudng (thudng lay nhidt dp 
cua nude tu nhidn). Qua trinh lam lanh ddng - chi qua trinh lam lanh xuong khoang gAn 
-100°C - thudng d -50°C, bang cha't tai nhipt lanh (pho bid'n dung amoniac - freon...). 

Qua trinh lam lanh sau: chi qua trinh lam lanh xuPng -100°C dPn -200°C. 

Nhu v&y qua trinh hoa long phan ly khdng khi, phan ly khi than cok thude loai lam 
lanh sau. 

I. PHAN LY KH6NG KHI 
1. Thanh phin 

Khdng khi la mpt hdn hop nhiAu thanh phin. Bang 8.1 cho thS'y mot sd thdng so' co 

ban. 


Bang 8.1 


Thanh p'nan 

0 2 

n 2 

Ar 

h 2 

Ne 

He 

Xe 

Kr 

Ham lirong, % the tich 

20,93 

78,03 

0,932 

5.10 -5 

1,5.10 -5 

5.10 -4 

0.95.10" 5 


Nhiat dd Idi han, °C 

-118,8 

-147,1 

-122,4 

-239,9 

-228,7 

-267,9 

16,6 

-63,8 

Ap suat tdi han, kg/cm 2 

49,7 

33,5 

48 

12,8 

26,9 

2,26 

58,2 

54.2 

Nhidt <36 sdi, °C 

-218,7 

-210 

-183,33 

-262 

-248,59 

-270,66 

-111,9 

-157,2 
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Ngoai cac thanh phin trdn, tuy didu kifen mOi trircfng, dja ly... cdn co th^ co nhQng 
thanh phan khac vdi ham lucmg khac nhau. Vi du bui, H 2 0, C 2 H 2 ... 

2. Nhiet dong h<?c cua qua trinh lam lanh sau 

C5 ap suit thucrng, nhiet dd hoa long cua khdng khi khd vao khoang -213'’C/ Nhir vay 
muon hoa long khi rdi chung phan ly lay cac cau tur tuong umg, cin dung c6ng nghe lam lanh 
sau. Rut nhiet cua he khdng khf nhieu cau tu, truydn qua moi trudng. Ro rang la qua trinh 
khdng th£ tu ddng tien hanh, cin cung cap cOng cho he. 

QuS trinh hoa long khi lien quan den mdt so khai niem sau: 

2.1. Khi thuc va he so nen 

Thuong dung phuctng trinh trang thai khi thuc xac dinh moi quan he 3 thong so cua 
trang thai P, V, T. 

Thudng dung phuong trinh van der Walls: 

(P+ -y)(v-b) = RT. 
v 


Trong cdng nghiep thudng dung quan he he so nen: 



, , X ... P 

Tra he sd n£n tir gi & tri cua nhiet dd ty ddi x = —, ap su&t ty ddi ti = — . Hinh 8.1 

T th P th 


cho phep xac dinh tri sd z trong mi^n ap suat thap 0 < n < 1 va ap suat cao 0 < rc < 10, 0 < rr 

, V 

< 40. Trong hinh ve cac dudng cham chi ham 5 = —• (the ti'ch ty ddi) 

V t h 


trong do T, P.V d trang thai lam viec; 

T, h , P lh , V lh 6 trang thai tdi han. 

2.2. Do thi xac dinh moi quan he gida cdc ham nhiet dong H (entanpi), S (entropi) 
va hai thong so cua trang thai T, P 

Tir cac phuong trinh nhiet ddng co th4 xiy dung mdi quan he nay trdn dd thi 8.2 ddi 
vdi khdng khi. 

Trdn do thi co: true tung dd - nhiet do cua he, true hoanh - entropi cua he. 

Ngoai ra con nhung dudng ding ap, dudng cho cac gid tri entanpi cua he. 

Vdi nito, oxy, hydro, CH 4 , NH 3 cung co nhung do thi tuong tu. Cho phep xdc djnh gid 
tri ham nhiet ddng cua cdc khi nay cr mdt trang thai nhit dinh, cung co nghla giup ta xac 
dinh cac ham nay d trang thai diu va trang thai cud'i cua mdi di£n bidn qua trinh cdng nghe 
(xem hinh 8.3 va hinh 8.4). 
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2.3. Qua trinh gidn no khi thuc tit dp sudt cao xuong dp suat thdp 

Trong nhjet dong, qua trinh gian nd doan nhiet, khdng sinh c6ng khl ly tudng tir ap 
suat cao xubng ap sua't thip, ndi nang khdng thay ddi, do do nhiet dd khong thay dbi. 

Qua trinh gian nd doan nhiet khi thuc cho dii khdng sinh c6ng, nhiet dd cua he - trong 
dibu kien xac djnh - se giam tha'p; nha't la trudng hop co sinh cdng, nhiet do cang ha tha'p. 
Day la nhOng bien phap ca ban de ha nhiet dd he khi' xubng tha'p, tham chi' de hoa long khi\ 
(vdi kh6ng khi -196°C). 

Hien nay thudng sir dung hai qua trinh gian nd 

- Qua trinh gian nd: doan nhiet, khdng sir dung cdng san sinh trong qua trinh va do sir 
bid'n thien kha ldn cua ap sua't - nen qua trinh la khdng thuan nghich. Cdng nghiep quen goi 
la qua trinh .tie't luu, qua trinh giam tir ap suit cao (trang thai ban d£u P ( , V|, T,) xubng ap 
.sua't tha'p (trang thai cubi P 2 , V 2 , T 2 - trong do P 2 < P,), qua mot van giam ap, hoac mdt chd 
that ciia dong chay (tie't luu) hoac thi nghiem Joule - Thomson cho khi thuc. 


Pi V, T, 


P 2 V 2 T 2 


Theo dinh luat 1 cua nhiet ddng: 

Q = AU + A nhiet trao ddi vdi mdi trudng cua he md bing bien thien ndi nang va cdng. 
Cdng luu dang A = P,(V 2 - V,) + P 2 (V 2 - V,) = P 2 V 2 - P, V, 

Tucing ting U 2 - U, + P 2 V 2 - P[Vj = 0 

Vdi qu£ trinh doan nhiet Q = 0 

Hay U,+P,V, =U 2 + P 2 V 2 

H,=H 2 

Nhu vay mat dac di£m cua qua trinh tiet luu la entanpi khdng thay ddi trudc va sau 
tiet luu. 

Ve nhiet ddng: ham nhiet ddng la ham cua trang thai - xac dinh bang gia tri cua 2 
trong 3 bien sb P, V, T; vf du H = f(P, T). 

AU 

( 1 ) 


dH = (||)TdP + (|jJ)pdT 


Vdi qua trinh tiet luu, cd quan he 


f 5Tv = _ r M) //3Hx 
5P H ( dP )T / ( ffr )p 


( 2 ) 


Nhu vay phuong trinh 2 cho thay su bien thien nhiet db ciia he, ting vdi su bie'n thien 
cua ap sua't trong trudng hop ti£t luu, cho thay xu the thay ddi nhiet dd trong qua trinh thay 
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Trong c6ng nghiip yiu ciu khi giam ap, nhiit do cua hi giam hoac hieu ung tii't luu 
mang gia tri (+), d6ng biin giOa T va P. 

Co truOng hop a H = 0: sau tiit luu nhiit d6 khOng doi va (-) nguoc lai. 

Ni'u xua't phat tir phuong trinh trang thai khi thuc: 

(P + At ) (v - b) = RT 
v 


l&'y gia tri dao ham cua v theo T trong di£u kiin ding ap (J^) P , thay vao phuong trinh (8) ta 


duoc; 


a H = 


2a . 3ab.P 
RT R 2 T 2 



(9) 


Phuong trinh (9) cho phep x£c djnh anh hucrng cua P va T doi vcri hiiu ung tiit luu 
cua mOt chit khi xac dinh (umg vdi a, b, C P xac dinh) va cung til do xac dinh dieu kien de 
hiiu umg dat yiu cau thii't ki. Co th£ dua lin do thi. Trin d6 thi co miin a H > 0, a H < 0 gidi 
han. 

Cung cd the tinh gia tri a H qua 
dd thi quen bii't P - V - T cua m6i loai 
khi. Hinh 8.3 cho mdt vi du vi quan hi 
nay ddi vdi khdng khi. 

Vi du trang thii d didm A, umg 
vdi nhiit db 303°K va 65 at. DuOng tiip 

rhl 

tuyin d A cho quan hi (^r)p 1 doan BC 

tuong ung gia tri T(-f^) P ; doan DC’ 

oi 

chinh li thi ti'ch phin tir khi v. Hiiu 
giua chung chia cho C P , chinh la hiiu 
umg tiit luu ding nhiit. 

Trong thuc ti khi ap suit giam tu 
P t v4 trang thii cuii P 2 , su thay ddi nhiit dd tuong ung se la: 

h 

T 2 - Tj = |a H .dP. 

Pi 

hoac xac dinh theo su biin thiin T 2 - T, trin d6 thi TS - dua vao P, ( P 2 va cac dudng ding 
antanpi bang dudng cong a = 0, ta goi do la diim chuyin. 

Cung co thi sir dung cdng thuc thuc nghiim di xac dinh diim chuyin ay, dd'i vdi mdt 
chit khi nhi't dinh. 


T, °K 



Hinh 8.3. Quan hi P-V-T cua khdng khi 
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Vf du c6ng thiirc 


(10) 


a H = (a’ + b’P)( ^~) 2 

Vai khdng khf a’ = 0,268; b’ = 0,00086. 

Tuy vay vcri kh6ng khf, trong mien nhiet do, ap suit ghi tren d6 thi T-S, ta co th£ thSy 
trong di£u kien thuctng gap trong c6ng nghiep; du d trang thai khf hoac a trang thai long; 
khong khf qua ti£'t luu nhiet dd d£u ha thip. Vdri oxy, nito, NH*, CH 4 , C0 2 ... cung nhu vay. 


Tructng hqp gian net doan nhiet. co sinh c6ng vdi ngoai, ly tucrng, lam cong cue dai la 
qua trinh thuin nghjeh. Do do dac di£m cua qui trinh la entropi cua he khdng thay doi - goi 
la qua trinh no sinh cong hay gian no dang entropi. Cung nhu tren xu thd thay d6i nhiet d6 
trong qua trinh thay d6i ap suat, trong c6ng nghidp goi la hieu ung net sinh cOng. 

a s=(?)s ( 11 ) 


tuang tu nhu tren. Ham trang thai S = f(T.P) 
kfit hop (—) T = -(J^;)p ta co the rut ra: 


hoac nhu tren: 


a s = 


T.(—) P 
cT P 


T 2 -T,= Ja s .dP 


( 12 ) 


Tit do rut ra nhan xet: 

Hi£u ung no sinh c6ng lu6n luon duong - nghla la qua trinh giam ap ludn dan tori hieu 
qua la nhiet dd cua he ha tha'p. 

Thuc ra do lam c6ng vdi mdi trudng, noi nang giam thap tit dan tdi nhiet dd ha tha'p. 

Tructng hqp net tiet luu, tuy he, cac phan tu nim trong vung luc hut hoac luc day co tac 
dung chu yeu, su gian no din tcri tang hofc giam ndi nang - qua do tang hoac giam nhiet dd. 

Thu nua: so sanh giua c6ng thuc (12), (8) c6 the” thay: 

a s = a H + TT - ■ 

HiSu ling no sinh edng lu6n ldn hon hieu ung tiet luu mdt gia iri (+) bang v/C P ; do 
chtnh la phan tieu hao ndi nang de sinh edng. Co th£ kiim chting qua d6 thi T-S. De’ thuc 
hidn qua trinh no sinh edng, trong edng nghidp dung may sinh cong. Thuc chit la mdt loai 
“may n<5” kidu pittdng hoac tudebin. Sir dung edng gian no vao muc dfch thu h6i nang luqng. 

Nhu v&y dung van tiet luu, ca'u tao don gian song hieu ung kem, khong thu hoi duqc 
nang luqng gian net. Dung may sinh cOng hoan toan nguqc lai. Vi vay su dung ca hai, hoac 
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mdt phuong an nao la tuy thudc gia tri kinh td' cua phuang an. Vdi nhung day chuyen thudc 
quy m6 nho, c5 dudi lOOnr oxy/ gib, doi khi sir dung may sinh cdng nhu mdt thid't bi tang 
hidu qua lanh sfiu trong nhung truong hap can bu tdn that nhidt - nhu qua trinh mb may, 
nhtfng ngay ndng burc. Trudng hop nay may sinh cdng chi hoat dang khi cin thie't. 

2.4. Vd'n de cdng trong qua trinh hoa long khi 

Nhidt dd sdi cua N 2 va 0 2 khdng khac xa nhau lam, vi vay de duac san phcim co thuin 
dd cao, phai qua nguydn cdng: chtmg luydn; trudc do phai hoa long khdng khi. Trade hdt xet 
cdng tidu hao trong qua trinh hoa long khi. 

Nd'u gpi A: cdng tidu hao trong qua trinh hoa long, (theo thdi quen cdng (-), chi hd 
tidp nhan cdng tir bdn ngoai va nguoc lai; 

AH^ , AS^ su thay ddi antanpi, entropi cua hd trong qua trinh hoa long. 

AS m6i t rir<rng ■ s b thay ddi entropi cua mdi truerng. 

AS tdng = AS h j + AS mAl ln , ang , bang tdng bid'n thai entropi. 

Qua trinh thuan nghjch AS tdng = 0, khdng thuan nghjch > 0. 

-A min = AH h ,-TAS h , (14) 

Cdng thirc te - A„ = - A min + TAS„- ing 

vdi 1 kg khdng khi: trang thai ban diu (1) tucing umg H 1? S t , T 

1 kg khdng khi long d 1 at, trang thai (.0) tuefng ting H 0 , Sq 

Cdng tdi thieu - A min = (H 0 - H,) - T(S 0 - S,) (IS) 

Xet cdng tidu hao cho qua trinh phan ly khdng khi: 

Bien ddng vi luong trong qua trinh phan ly co thd’ bi£u didn theo: 


Hdn hap ban diu a T va P 


Ca'u tir 

Ndng dd 

Sd kmol 

A 

Ya 


B 

Yb 

«B 

K 

Yk 

n K 

Tdng 

1 

1 


Ph^n ly 


Phan ly 


He I 

Nhiet dd T, 

ap suat P 

cau tir 

ndng dd 

kmol 

A 

Ya- 

n A - 

B 

Yb- 

n B > 

K 

Yk- 

n K . 


1 

n* 

Hd II 



ciu tu 

ndng do 

kmol 

A 

Ya” 

n A" 

B 

Yb" 

°B" 


1 

n” 
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Theo nhidt d6ng: 


-A min = -RT £ n >^- + n>4 

a l yi y._ 

Vdi khdng khi, co the tha'y nfe'u phan thanh hai ca'u tu N 2 , 0 2 nguyen chat, tir kh6ng 
khi a trang thai 1 at. T = 290°K, y N2 = 0,791, y 02 = 0,209 co th£ tmh -A mm = 1234,87 

kJ/kg khdng khi hay 0,0149 kWh/Nm 3 kh6ng khi. 

Neu ti'nh theo cong hoa long (c6ng thiic 15 hinh 8.4): 


- A min = 0,19 kWh/kg kh6ng khi 

Thuc ra cdng hoa long 1dm hon nhidu, vi san 
ph£m long, nhiet do tha'p bid'n thidn entropi rat ldn. 

Thuc te lai cang ldn do khdng khf thuc hidn 
qua trinh thuan nghich. Co the midu ta qua trinh 
hoa long ly tucmg trdn chu trinh hoa long ly tubng 
(hinh 8.4). 

Nen khi ding nhidt tir 1 at len ap suit 2, 
gian nb thuan nghich den hoa long hoan toan, 

(trang thai 0 umg vdi diem 3). 

Th£ long thu nhiet, tang nhidt, ding ap vd 
trang thai ban diu. 

Theo each tmh cong tfii lhi£u trdn, difin rich 
1-2-3-4 chinh la cong tdi thidu. Vi l-2-3’-4’ = TAS; 
l-4-3-3’-4’ = AH. Hinh 8.4 

C6ng t6'i thieu van la c6ng cua chu trinh ly 

tubng - chi la’y lam chuan d£ so sanh cac chu trinh thuc ve gia tri nang luqng tidu hao. Thuc 
te khdng th^ thuc hien duqc khdng chi vi cac bude ddu la thuan nghich ma con vi ap suit b 
trang thai 2 qua ldn - khong thuc hidn duqc trong edng nghiep. 

2.5. Van de tinh toan nang luang trong qud trinh phan ly khong khi 

Vi du liy 1 kgmol khdng khi lam chuin, trang thai ban dau T 0 , Po (thudng la nhidt dd 
mdi trudng va ap suit khi quy£n 1 at, umg vdi trang thai a'y H () . 

Vi du /: Qua trinh dcm gian nha't, ti£n hanh theo so dd cong nghe sau: 



.... ,. , 1 kgmol , , 

Khdng khi-► may nen dang nhiet 

T () Po Ho 


phan ly 


To P Hr 


A kmol 

nita 

T 0 P 0 * 

H a 

K kmol 

oxy 

Tk Po > 

H A 


Tbn th£t nhiet do mdi trudng q 
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Phuong trinh can bing nhifet: 

H b + q = AH a + K Hjj (17-a) 

va A -t- K = 1 (17-b) 

gin dung H(, = AH 0 + KH 0 (17-c) 

Trir(17-c) cho (17-a) ta co: 

(H„ - H b ) = A(H 0 - H a ) + K(H 0 - H K ) + q (17) 

H 0 - H B - sir biin thiin enthanpi. 

Trong qua trinh nen khi t£r P n den P trong di£u ki£n dang nhiet. suy rpng co thi goi la 
hiiu ling tiit lini dang nhiet AH T() , co the vi£l phuong trinh dudi dang: 

AH T() = AH a + KAH k + q (18) 

Y nghla vat ly cua cong thiic nay la: ngu6n gP'c cua lupng lanh trong chu trinh phan ly 


khPng khf la do nen khi ding nhiet - dac tnmg bang hifiu ung tife’t luu dang nhiit. Lupng lanh 
nay bu vao cac tdn that nhiit trong chu trinh bao gom: ton that lupng lanh (goi tat la tin that 
nhifit) do lupng nhiet tir mPi trudng dua vao chu trinh; t<$n that lupng lanh do chinh Idch 
nhifit dp dau ra cua A, K so vdi m6i trudng - hay con goi la truyen nhi&t khPng hoan toan. 


Vi du 2: neu d6ng khi vao co hai he: M kmol khi 6 dang ap suit thip (T 0> P, H B] ) va 
(1 - M kmol) b dang ap sua't cao (T 0 , P 2 tuong umg H B2 ) theo so d6. cong thfem lupng lanh 
do may lanh (con goi la may bang) vdi tac nhin lam lanh la NH 3 lay di: Qnh, 


KhPng khi M kmol 

ap suit thip T d tj 

1 0 . r, ,H B | 

Khong khi (1 - M) kmol 
ap suit cao T f> ,P 2 ,H B2 > 


Phan ly khPng khi 


A 

q 


t 

Qnh 2 


A 

Ta* Po* H a 
K 

-► 


t k , p„, h k 


Nito 


Oxy 


Tuong tu nhu b vl du 1, d diy co thP viit phuong trinh tong quit nhu sau: 

M. AH T() (pi) + (1 — M) AHt 0 (P2) + Qnh 3 = AAH a + KAH^ + q (19) 

NguPn gP'c lupng lanh di bu tdn chit bao g6m 3 phin: hifiu tfng tiit luu ding nhiPt ciia 
hP thip ap, hi cao ap, va tir miy bang. 

Vi du 3: Trudng hop b<$ sung vao diy chuyin mPt may sinh cOng. 


KhPng khi 

M 

Miy sinh cPng 

1 t 

A 

ap suit thip 

- >- 

T 0 , Pj, H B] 

1 T 

tpm iNitcr 

KhPng khi 

(1-M) . 

Hi phin ly 
khPng khi 

K 

ap suit cao 

t 0 ,P2*h B2 

t 1 

T p u ^ Oxy 
i K , r (h n K 



q Qnh, 
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Luang khi di qua may sinh c6ng D kmol. Qua trinh gian nd sinh c6ng g&y nen su bien 
thidn enthanpi AH S (tfnh theo qu4 trinh ding entropi - ly tudng); hieu suit may sinh c6ng 
r) s ; qua trinh doan nhiet. 

Nhu v4y c6ng thu duqc tir may sinh c6ng - hay hieu ung nhi£t lanh bii cho chu trinh: 

A d = D.^g. AH^ (20) 

Cung nhu trfen, phuong trinh can bang nang luqng toan chu trinh: 

M. AH To (pi) + (1 — M) AH To ( p 2 ) + Q NHi + D-^ls- = AAH a + KAH k + q (21) 

nghia la ngu6n gdc luqng lanh d£ bu ton tha't, bao g6m ngoai 3 phan d v( du 2, thfem luqng 
lanh san sinh tir may sinh c6ng. 

Nhung phuang trinh trong cac vi du trfen la phuong trinh can bang nang luqng. Lam c a 
sd Ai tinh toan nang luqng, nhat la dfe tmh nhung dieu kien c6ng nghft, vi du ap sua’t, nhiet 
d6, luqng lanh b6 sung, di£u ki6n lam viec cua may sinh cOng. 

Vdi cac day chuyen phuc tap cung dua trfin nguyfen tic tr£n de lap cac phuong trinh 
loai nay. 


3. Nhumg chu trinh lam lanh sau 

HiSn nay co nhOng chu trinh chi dua vao hiSu ung ti£t luu; cung co nhung chu trinh co 
them hieu ling no sinh cong. 

3.1. Chu trinh Linde dan gian (xem hinh 8.5) 

Dia’m 1: khdng khi d nhiet do va ap suit m6i trudng (1 at) qua may nen nen ding nhi6t 
den trang thai 2, k£t hop phan doan n6n va lam lanh bang nude, P 2 T 0 ; tiep tuc lam lanh d&n 
trang thai 3, ti^fn hanh tifi't luu v6 trang thai 4 d ap suit P 0 ; d day qua tiet luu, nhifet dd kh6ng 
khi giam hoa long. Phin th£ long thu duqc d trang thai 0; phan khi quay trd v& lam lanh khi 
cao ap den nhifit d6 ban dfiu To- 
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Diin bibn qua Irinh the hibn trbn d 6 thi T-S; duong 3-4 the hibn qua trinh tib't Kru: 
H 3 = H 4 . Neu nhu lay 1 kg khbng khf qua miy nen lam chuan, luqng the long thu duqc la x 
kg. Nhtr viy co thi dua trbn quy tic don bay xac dinh ty lb nay trbn doan 0-1’. 

x _4T 
1 -x 04 


Lap phuong trinh can bang nhiet cho mien giori han bbi ducrng cham (A-A) trong 
truong hop chua tfnh tori nhiet tbn that, truybn tir mbi trucmg vao chu trinh, co the rut ra 
luqng thb long thu duqc x. 

H 2 = xHo = (1 - x) H, 


Trucmg hop co nhiet ton that, nhibt dua vao he tfnh bang q (ung vcri mbt kg khong khf): 

' (H, -H 2 ) — q 

H, -H 0 


RT Pi 

C 6 ng nen khf: A = —-In— trong do q: hibu suit may nen. 

n Pi 


Cong tieu hao cho mbt don vi khoi luong the long thu duoc: L = —-. 

x 

Chu trinh Linde la mbt chu trinh mang tinh nguyen tic de xay dung day chuyin cbng 
nghe. Day la chu trinh don gian nhit. 


3.2. Chu trinh Linde, co thiet bi lam lanh bdng NHj (may bang) 


Day la mot chu trinh cai tibn chu trinh Linde. Xui't phat tir tfnh loan tren: Luqng long 
thu duqc ty le thuin voi hibu ting tie't luu ding nhiet AH To dua may lanh vao ha nhiet db 
xub'ng, tuong urng se tang AH T (xem hinh 8 . 6 ). 

Khbng khf o trang thai l (T n . Pj), qua nen ding nhiet (bi trang thai 2 (T () , P 2 ); qua 
thiet bi iam lanh (I) xuong trang thai 3 (T-,, P 2 ); qua thiet bi lam lanh bing NH 3 xubng trang 
thai 4 (T 4 , P 2 ) tibp tuc qua thiet bi lam lanh II, lam lanh xubng trang thai 5, tie't luu vb trang 
thai 6 , duqc thi long dung lam chit tai nhiet lanh trong thiet bi truyen nhiet II va I ve trang 
thai ban diu. 


Lap phuong trinh can bing nhiet qua miin ducmg chim A - A, trucmg hop bo qua 
nhiet tin that, tuong ting: 

_ h 4 - h 4 , 
x ° h 4 .-h 0 

Nhu viy ro rang, hibu ting tibt luu ding nhiet tang, miu sb' giam. luqng thb long se 
tang len; duong nhibn cbng nen se tang len mot luqng tuong ung vbi cbng cung ci'p cho may 
bang. Tuy vay may bing la mbt chu trinh hieu suit tuong db'i cao, do viy nang luqng tibu 
hao cho mbt don vj khb'i luqng the long giam thi'p. 
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3.3. Chu tinh Linde tudn ftoan hai dp luc (xem hinh 8.7) 

Khdng khi d trang thai (1) T 0 , P 0 , nen dling nhiet qua trang thai (2) T 0 , P! vdri khoi 
luqng M kg; qua lam lanh den hoa long hoan loan, d£n trang thai 3; m6t phan vdi khoi luqng 
(1 - M) dua vao nen tiep l£n ap sua't cao trang thai 2’ (T (( , P 2 ), lam lanh d£n 3’ ti£t luu v£ 
(P 2 ). Tiet liru 13n 2 ve 4; duqc th£’ long trang thai 0 (P 0 ). Khi san sinh sau tiet luu lam cha't 
tai nhiet lanh, trd ve trang thai T () , P, va P 2 . 

Lap phuong trinh can bang nhiet qua giai doan ra khoi hai may nen (mat AA’) trong 
trubng hop bo qua q ta duqc: 

(H 3 -H,)-M(H,-H 2 ) 

X (H, -H 0 ) 


C6ng tieu hao cho nen khi; 


A = ^.ln^.M + ^ln^-d-M) 


Theo chu trinh nay, luqng long thu duqc co bi giam, song c6ng tieu hao giam nhieu, 
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tiet kiem kha nhi£u nang lupng. Vi vay phuong an nay dupe coi nhu cai tien thu nhat tren 
chu trinh Linde don gian. 

Cung lap ludn va tfnh toan so sanh nhu ddi voi chu trinh Linde co thiet bi lam lanh 
bang NH^; n£u giQa thiet bj truyen nhidt noi trdn, tach lam hai, dat mdt thid't b| lam lanh 
bang mot may bang cho khi ap su£t cao (P 2 ); mdt cho khi ap sui't thap (P,), ket qua la cdng 
tieu hao cho mdt don vi kh<5i lupng khong khi long giam dang kd. Phuong an nay coi nhu cai 
tien thur hai tren chu trinh Linde don gian. 

Khi do ta co chu trinh tuan hoan hai ap luc, co NH ? lam lanh. 



3.5. Chu trinh song song sit dung hai hieu ung - tiet luu va nor sinh cdng Claude 

Khdng khi b trang thai 1 (T 0 , P 0 ), qua ndn ding nhiet dd'n trang thai 2 (P,) (T 0 ), tid'p 
tuc lam lanh dd'n trang thai 3, mot phin D kg qua may sinh cdng, gian no vi 4 trng vdi (P 0 ), 
tao khi lanh Pirn chat tai nhidt lanh bo sung; (1 - D) kg tiep tuc lam lanh xuong 5, tiet luu, 
the long b trang thai 0; khi quay ve truyen nhiet trong 3 thid't bi lam lanh ve trang thai ddu. 

Co thd lip phuong trinh can bang nhiet lupng qua mat AA va BB de xac djnh lupng 
the long thu dupe; cdng tieu hao bao gdm cdng nen khi tr£r di cdng thu dupe qua may sinh 
cdng; va qua do tinh cdng tidu hao cho don vi th£ long. 

Cl d4y co mdt di£u luu y la xac djnh trang thai vao va ra khoi may sinh cdng. Khi 
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trang thai vao da dupe xac dinh: di^m 3 ting vdi ap suit P 2 , nhipt dp T 3 va tuong urng 
entanpi H 3 , 

Sinh cdng theo phuong thifc 1^ tudng (thuan nghich, dang entropi) nang lupng thu 
dupe bang hipu entropi trang thai vao va ra cua may: 

AH S = H 3 - H 4 ~ 


Thuc tP chi thu dupe AH S| , = , - H 4 « 

Nhu vay hieu sua't may sinh cdng tmh ban 



Hinh 8.8 


Trang bi mpt may sinh cdng - vdi mpt hi6u suPt xac dinh se xac dinh dupe cac ham 
trang thai, phuc vu cho vide thiet kP day chuyPn cdng nghd. Trong cdng nghiPp, vdi hP tuin 
hoan hai ap lire cung c6 thP tach mpt ph£n khi cao ap (D) dua qua m^y sinh c6ng. 

Cimg loai vdi chu trinh Claude, cd chu trinh Claude nhiPt dp cao (chu trlnh 8.11), ve 
co ban chu trinh nay nhu chu trinh Claude, riPng thay d6i diPu kiPn khi' vao may sinh cdng - 
chu trinh Geyland. 
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Trong Geyland, khf qua may nen ding nhilt, tlch mdt phin D (kg/kg kh6ng khf) dua 
thing vao may sinh cdng, nhlm giam kho khan do may sinh cdng lam vide 6 nhilt dd qua 
thap giy n6n - nhlt la hiln tuong hoi long ngay trong may sinh cdng kilu pittdng. 

Mdt day chuyen khac lam vile d ap suit tuong ddi tha'p (khoang 6 at) la day chuyln 
theo chu trinh 8.10, chu trinh lam lanh Kapitsa, d day nhilt dd dua vao may sinh cOng kieu 
tuoebin cue tha'p - tdi mire hoa long ngay trong may sinh cOng. Chu trinh nay duoc ap dung 
rdng rai d Liln Xd trude day. 

Hinh (8.9), (8.10) cho thly diin biin cua hai chu trinh nay trln do (hi T-S. 



S S 

Hinh 8.9. Chu trinh Geyland Hinh 8.10. Chu trinh Kapitsa 


4. Van de chung phan ly khdng khi 

Sau khi hoa long hoan toan, khdng khf long la mdt hi nhieu cau tit. TruOng hop chi 
lay oxy va nito lam san phlm, xir ly nhu mdt thl long co 2 cau til nito va oxy. 

Hinh 8.11 cho thly quan hi giOa nhilt do soi, thanh phln khdng khf long va thanh 
phln pha hoi can bang vdi pha long d 760 mmHg. 

Hinh 8.12 cho thA'y md'i quan hi ly d nhiet do khac nhau, ap suit khac nhau. 

Cung nhu thiet bj chung luyen noi chung, trong edng nghl phan ly khong khf dung 
thap chung don, thap kep. 

Hinh 8.13 cho thl'y cl'u tao ciia thap chung don trong day chuyen Linde cung nhu cac 
thap chung don noi chung. Nhung nhuqc dilm ldn nhtft cua loai thap nay la: chi nhan duoc 
oxy co thuln dd cao, khdng thl chi tao nito co thuln do cao. Mat khac mdt luong kha ldn 
oxy di theo nito, gly tdn that oxy, thlm chf mat tdi 35% oxy trong khdng khf. Vi vay chi 
dung cho cac co sd san xult nho, dung oxy lam chit lam gilu oxy trong khdng khf cho 
nhung loai 16 can khf thdi gi6 II khdng khf giau oxy. 
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San pham dinh thiip la nito long thu ve 
mang 6 qua van tid't luu lam dung djch h6i 
liru ctinh thap tren. Nito san phSm ra khoi 
dinh chap dua vd thu h6i luong lanh trong 
thiet bi (4); san pham day chap oxy long U'y 
ra cung qua thu h6i nang luong lanli trong 
thiet bi (4) 

Thie’t bi (7) la thifi't bj ngung ru bay 
hoi. Nito ngung tu 6 dinh thap dudi, dong 
vai tro cua thiet bj gia nhiet day thap tren. 

Oxy bay hoi cr day thap trtn, dong vai tro 
cua mpt thiet hi lam lanh dinh thap dudi, 
nhu nhung thap cliung luyfin noi chung. Khi 
tro chit yeu He tach ra d dinh thap dudi va 
Ar tach ra 6 giua thap tren (trong trtrdng hop 
co thu hoi khi nay). 

Trong qua truth tmh toan dithi kien 
cdng nghe cdn luu y: 

Ndng dp san pbSm N 2 , 0 2 theo yeu cSu 
cua san xrnVt. Ap suat dinh thap tren (P,) 
thudng chon cang thap cang ttft song dam 
bao dong klu' khac phuc dupe tro luc cua cac 
thiet bi lu thap ve ket chura khi. 

Ap su&'t day thap tren P 2 bang P] + AP] trong do AP, - tro luc thap trdn vai thanh phan 
xac dinh. ap suat xac dinh; c6 thd xac dinh nhipt dp cua thap d cac diem tuong ung, qua 
nhiet dp sdi cua the’ long d thanh phin do. 

Nhiet do sdi dinh Lhap dudi - dam bao qua trinh truyen nhipt tu nito den oxy vdi chenh 
lech AT (dong lire truyen nhiet) khoang 3 U . 

Tir do va thanh phan nito dam bao theo y£u can h6i liru dinh thap tren; chon dupe ap 
suat dinh thap dudi P-, va ap suat thap dudi P 4 . Cht'nh Vi vpy thOng thudng thap tren, thap 
dudi lam vipc d diPu kien da neu tr£n. 

6 day su bifin dong entanpi cua cac dia kha ldn. do v3y de tinh toan so dia ly thuye't 
thudng st’rdung do thi 1 (x, y). 

Hinh 8.15 gidi thieu sP dia cua doan chung, doan luyen thap trfin va htnh 8.16 gidi 
thieu sP dia doan chung thap dudi - tren d6 thi I (x, y) d tip sudft va nhiet dp tuong ung, 
Thudng hieu suflit dta khoang 0,3. So dai thap Uen khoang 20 + 30 dia, thap dudi khoang 13 
-s- 18 dia (tit nhien con tuy ySu ciu ndng dp san ph&in va dieu kien lam viec. 



Hinh 8.14 

1. thap chung ap suat 6,8 at; 2. bp phan gia 
nhiet (Jay thap; 3. van tiet luu cao ap; 4. thiet bi 
truyen nhiet gida khong khi cao ap va oxy nito 
san pham; 5. van tiet Il/u thap ap; 6 mang 
chi'/a nild long; 7. thiet bj boc hdi - ngUng tu; 8 
lhap chung ap suat 1,3 1,5 at; 9, nito hoi lUu 
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5. Nhurng van de cong nghe trong phan ly khong khi 

5.1. Lam sack khi 

NhQng tap chat cin quan tam xu ly trudc khi dua vao day chuydn lanh sail la: bui, 

h 2 o, co 2 , c 2 h 2 ... 

- Vdi tap chat cd hoc: chii y£u la bui. Khdng khi viing cOng nghi£p thudng lin bui. 
Tuy di£u ki£n m6i trudng, ham lupng bui bien dOng trong mien 0,005 den 0,01 g/m\ Bui 
lam tic thi£t bi - cung nhu cac day chuyen khac, cin tach het bui - phuang phap pho bien 
trong c6ng nghe phan ly khdng khi, la qua loc mang hoac vong Rachig 12 x 12 x 0,3 cm 
tam dau. Thudng yftu cau dat 0,1 mg/m . 

- Vdi C0 2 : C0 2 dfe dong bang, dac bifit 6 ap sua't cao. 

Thudng tach bang dung dich ki£m KOH hoac NaOH, d ap suit cd 12 -h 15 at. 

2KOH + C0 2 = K 2 C0 2 + H 2 0 
2NaOH + C0 2 = Na 2 CO, + H 2 0 

Trong cac co so quy mo nho cd 30 m 3 oxy/giO, dung NaOH ran Na0H.4H 2 0. Trong 
cac co so ldn (co 150 m 3 oxy gid) tdi 3600 mVgid dung Na 2 C 03 - H 2 0; cung co noi dung 
MEA khtr C0 2 . 

Sau khi hip thu hiu h£t C0 2 , phan con lai se qua lam lanh trong cac thiet bi truyen 
nhiet de tach dudi dang tuyet cacbonic. 

- Vdi H 2 0, chu y£u dung chat hap phu nhu thudng gap: silicagel (Si0 2 ) alumogel 
(A1 2 0 V 3H 2 0); zeolit hoac cac chat hut am khac. 

Dudi day ndu mot so loai thudng gap: 

Loai chat hap phu C6ng thlfc Ham am sau hap thu g/m 3 


Clorua canxi 

CaCI 2 

1,5 

Hydroxit natri ran 

NaOH 

0,8 

Silicagel 

Si0 2 .H 2 0 

0,03 

Hydroxit kali ran 

KOH 

0,014 

Alumogel 

AI 2 0 3 .H 2 0 

0,005 

Zeolit 


0,005 


Nhat la cac loai zeolit, ngay cang co nhi£u loai zeolit rat cd hieu qua trong ha'p phu 
C0 2 , H 2 0 ra ddi. 

Phdn H 2 0 con lai cung se qua lam lanh trong cac thie bj truyen nhiet de tach dudi 
dang bang tuyet. 

- Vdi C 2 H 2 : chu y£u dung silicagel hap phu. 

5.2 Day chuyen cong nghe 

Cd th^ phan cac loai day chuyen cdng nghe dtra tr6n nh6m san phim ciia day chuyen. 
Cd day chuyen san xua't oxy sach, > 99,2%, muc dich cht'nh la liy oxy, thai bo nito va cac 
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khi khac. Ph£n lcfn cac day chuydn nay lam vide a quy m6 nho, ap su£t cao, Loai quy m6 
nho (cd 30 nv oxy/gid) thudng chi dung may sinh cong nhu mdt thid't bj bii lanh khi khdi 
dong may hoac trori nong - trudng hop nay may lam viec giin doan. Loai ldn hon co may 
sinh edng lam vide lien tuc. 


Dudi day gidi thieu mdt s6' thdng s 6 ky thu&t cua cac day chuyen thudng sir dung d 
Lien Xd trude day, cung nhu d nude ta hifcn nay. 


Tdn day chuydn 

KrH - 30 

K-0,15 

KT-1000 

Ap suat thdp P -1 

Nang suat Nm 3 oxy/gid 

30 

165 

1000 

1300-3500 

Nong dd oxy s£n phlm 

99,5 

99,7 

98,5 

Oxy ky thuat 95 - 99 

Ap suat cao cua h£ 

165 

165 

125-150 

6 

Ap suat thap chung 1 

1,4 

1.4 

1.4 

1.4 

Ap suat thap chung II 

6,5 

6,5 

6,5 

6,5 

0Sc didm ky thuat 

- May sinh edng gian 
doan 

* Tuan hoan 2 ap luc 

- Thidt bj truydn nhidt 
kidu 6ng chum 

May sinh edng 
lidn tuc 

Tu5n hoan 2 
ap lire 

- May sinh edng 
Ii6n tuc 

• Thidt bj truydn 
nhidt kieu thap 
trur nhidt 

- May sinh edng kieu 
tude bin 

- Kripton 

(hd 0,1% Kr-Xe) 


May sinh edng ki£u pittdng 

Co nhung day chuyen lien hop ma san phim viira la oxy khf, vira d dang long. Cung co 
the chuyen chd' do san xua't nito sach d dang khi hoac long trdn cung mdt day chuyen cong 
nghd, chi thay ddi cac thOng sd' ky thuat trong qua trinh thao tac. 

Ph6 bidin nhat trong edng nghd tdng hop NH 3 la cac day chuyen san xua't nito sach. 


oxy cong nghidp. 

Dudi day la mdt sd vi du: 


Tdn day chuydn 

r-6800 

3600 (Linde Frenk 19200) 

P-1 

Nang sua't m 3 /gict 

- Theo nito 

- Theo oxy 

Ap suit cao 

Ap suat trung blnh 
Dae didm ky thuat 

5400 99,9% 

92 - 94% 

100 -120 (20%) 

6 (80%) 

Lam lanh NH 3 tuln hoan 2 
ap lire 

3600 (97%) 

150-200 (1200) 

5,5 

May nen tudebin tuan hoan 

2 ap luc 

12500 (96 -98) 

6,5 

Sinh edng tudebin 


Hinh 8.17 gidi thidu mdt day chuyen san xua't oxy quy mO nho. 

Hinh 8.18 gidi thieu mdt day chuydn san xua't oxy nito sach. 

Hinh 8.19 gidi thidu mdt day chuydn Kapitsa - sir dung may sinh edng, lam vide d 
nhidt dd tha'p. 
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IHnh 8 , 18 . Day chuydn san xuA’t n\to tuan hoan hai ap Il;c, co lam lanh bang amoniac (qua may bang) 
. may nen khong khj; 2 Thap kiem khijf C0 2 ; 3. thiet bi truyen nhiet niter san pham - kheng khf (ap suat thap); 
Thiet bj truyen nhiet oxy san pham — khong khi (ap suat cao); 5 Thiet bi fam lanh bang amomac (ap suat thap); 
3. Thiet bi iarn lanh bang amoniac (ap suat cao); 7, 8, Thiet bi truyen nhiet sau NH 3 (ap suat thap), 9 Thiet bj 
truyen nhiet sau NH 3 (ap suat cao), 10. Thap chifng; 11, 12 lie may bdng. 




















































II. VAN d£ THU Hdl KHI HI^M 

Bang 8.1 cho bid't thanh phan, tmh chat khi hid'm trong khdng khi. Co the hinh dung sir 
phan bo cac khi hiem trong thap chung phan ly khong khi nhu so do sau (hinh 8.20. 8. 21): 


P = 760 mmHg 


°K ; 

A dc nr 

k o c 

4 A V 

1 oo,uo 

A A A Af 

- 10c, 10 Xe 

i r r, aa l/_ 

119,95 

90 18 

- 153,20 Kr 

- 182 97 

or 


04,3b 

- 185.80 Ar 

77,40 

he _ 

- 195,75 N 2 

/V i A A n LI 

27,05 

A OR _ 

- 248,10 Ne 


- 2oo,90 He 

o — 

- 273,15 





Hinh 8.20. Phan b6 nhidt d6 s6i Hinh 8.21. 

cac khi 6 ap suat khi quyen Phan bd cac khi trong cac dong 

Bidn phap sir dung rang rai hien nay d£ che tao khi hidm, la tach chung ra khoi dong 
khi bang chung luydn. Trudc hdt tach thanh timg cum khi, sau d6 chung timg cum bang thap 
chung. Sd thap chung toi thi£u n bang s 6 ctfu tir C trir di 1: 

n = C - 1 

Do la nguydn tic chung ciia chung luydn. 

1. Tach Ar 

Argon chu ydu dung cho cdng nghidp chd tao bong den didn, cho vide tao m6i truemg 
khi tro: han, nau kim loai dac bidt cho thep khdng gi, hop kirn va kim loai nhom, magie. 

San pham argon c6ng nghidp la hdn hop 85% Ar va 15% nito. Do phi diem ciia argon 
n3m gida oxy va nito, nen neu khdng la'y argon, argon se phan btf trong khi san pha’m: oxy 
san ph£m lln 0,3 - 0,6% Ar; nito san pham l£n 0,15%. 
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Trong thap chung Ar nSm 
a quiing dla thtr 18 cua thap 
chung (tren) trong trtrong hop 
thirong gap - thap chung 32 dla. 

11 inh 8.22 cho thAy ham 
lirgng cac kin N; - Ax - 0 : trong 
pha hoi. doc theo chidu cao thap. 

TTinh 8.23 cho thav mot 
thap chtmg phu nhSrn lay h 6 n 
hop khf giiiu Ar tfx dla IS ra khoi 
thap voi ham hlOng Ar khoang 7 



-x- 10 % va 1 % nito. 

Tir dinh thap chtmg argon 5 
tach ra Ar vcri n 6 ng dd 80 90% 

Ar. 1 - 10% 0 2 va 4 -h 8 %. N 2 . 

Cha't tai nhiet lanh trong thiet bi ngung til 
dinh thap la khong khi khdng thutln day thap 
ducti, qua binh silicagel hap phu C 2 H 2 , qua tiet 
lint, qua thidt bi nay r 6 i quay vd ngan tiep lieu 
thap chung phan ly khong khi. 

Ar tho dua vao day thap chung va tudn 
hoan vcri thap chung tren. Thucmg thap chtmg tho 
co 36 den 48 dla. Co tnrcmg hop len den 80 dla, 
nhatn nang cao chat lirgng Ar. 

San pham Ar tho, thucmg chi dat 65 4 75 %. 
Ar, 5% N 2 , va khoang 35% 0 2 . Hieu suat tach Ar 
trong mien 50 4 70%. 

Muon duoc Ar sach de dua vao str dung - 
thucmg qua dot trong sunfua, hoac hydro chuydn 
oxy thanh S0 2 , H 2 0, tach khoi kht, cuoi cung dat 
san pham co udng dd Ar 92% - nita 8 %. 

Trucrng hop phd bien nha't, dot oxy trong 
H 2 tren xuc tac paladi - xuc tac kim loai phdn bd 
trdn chat mang oxit nhom hoat tfnh, nhiet dd 
phan ung trong midn 500 4- 550°C hydro dua vao 
he co ndng do hydro trdn 99 . 8 %i, oxy < 0 , 2 %. 


Ham lirgng khi trong pha hoi, % phan !lt 

Hinh 8.22 



1, 2, bo phan Irao doi nhiet qua lanh, 
3. thap chung tren; 4. binh phan ly; 
5. ngi/ng tu dinh thap; 6. thap chung Ar; 
7. oxy khi: 8. binh silicagel hap phu C 2 H, 
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G£n day sir dung mdt sd d4y chuydn tach oxy bang zeolit. Zeolit NaA d 90°C co kha 
nang hap phu oxy cao ga'p 40 + 45 lin so vdi argon va nito. Sau 30 giay ha'p phu co the dat 
ndng do 99,9 ^ 99,99% argon, 0,01 +■ 0,0£ nito va diroi 0,003% oxy. 


2. Tach kripton va xenon 

Ha so dan nhiat cua kripton chi bang 1/2 cua argon va xenon bang 1/3 vl vay co the 
giam tdn that di€n tori 20 + 25% so vdi bong Ar, tudi tho cua den tang ba bon ldn; thd tich 
cua bong den cung vi thd ma giam. 


Tuy vay ham luong Kr, Xe trong 
khdng khi rat nho, 150 160 van m 3 

khdng khi mdi duoc 1 m 3 Kr va Xe, Vi 
vay chi co thd lay Kr, Xe tCr nhOng day 
chuydn phan ly khdng khi vdi san luong 
ldn (15000 ^ 20000 mVgid). 

Phi diem cua Kr (-153,2°C), Xe 
(-109,1‘ > C) tirong ddi cao, vi vay Kr, Xe 
nim trong phdn san phim oxy, tach ra tir 
san pha’m oxy khi (hinh 8.24). Qua trinh 
cdng nghfi thircrng bao g6m ba budc: 

1. Tir san pham oxy dinh thiet bi 
ngung tu cua thap tren, tach ra mdt dong 
qua thap chung phu, qua trinh chimg duoc 
san pham dinh thap la oxy vdi tic nhdn 
lam lanli trong thiet bj ngung tu dinh thap 
la nito; san pham day thap la oxy giau khi 
tro (0,1 -4- 0,2% Kr, Xe). Ydu cau ddi vdi 
san ph^m nay la ham luong cacbua hydro 
khdng qua 1000 h- 1200 mg trong 5 dm 3 
chat long. 

Sau khi bay hoi - oxy giau kripton, 
xenon, duoc nen l£n 5 at qua he thdng 

lam sach khi: khtr cacbua hydro trdn silic hoat tinh (Kieselghur) khir C0 2 va H z O bang 
zeolit, ha ham luong C0 2 xudng 0,002 + 0,003%. 

2. Nang ham luong Kr len ndng dd 95%, Xe: 5% - tdng ndng dd 99% bang each hap 
phu trdn than hoat tinh 6 65 -5- 75% va cuoi ciing nha. 

3. Budc cudi ciing, tinh chd chd tao kripton va xenon sach. 
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Day chuyen YCK-1M cua Lifin Xd (cu) gia c6ng d 5 at vdi nguyen lieu dong oxy co 
0,2 h- 0,22% Kr, Xe la 120 m' , /gi6. 

Thu duoc san phlm (Kr + Xe) cd n6ng dd 99,5% -s- 99,9%. 

3. Tach Ne va He 

Dung Ne trong cong nghidp ch& tao den chie'u sang va tin hieu. Dudi ddng dien cao ap 
phat mau do tuoi. 

He la mOt loai khi tro sir dung rdng rai trong vide tao mdi trudng ngln su xim nhlp 
cua oxy. Ham ludng Ne va He trong khdng khi cang thl'p (0,00.18% va 0,0005%). Vdi phi 
di£m vao loai thap nhlt, He, Ne trd thanh khi khdng ngung tich tu tren dinh thi£t bi ngung tu 
a dinh thap dudi. 

Nhtr cac thidt bi ngung tu khac, phan khi 
nay tich tu lam giam he sd' truyln nhiet - cln 
xa bo. 

Hinh 8.25 cho thl'y set d6 cd tinh nguyen 
tic tach Ne - He. Tir ap suat dinh thap dudi 
(5 at), phin khdng ngung cd nhiet dd 93"K dua 
ldn hoac lam lanh ngung tu dinh thlp tren, hole 
tir thidt bj ngung tu dat ngoai thap - lam lanh 
blng nito long hoi luu dinh thap tren. 

Sau ngung tu nay duoc hdn hop khi vdi 
ham luong 70% N 2 ; 23% Ne; 7% He, - khi thd. 

Khi thd qua nen den 50 at, ngung tu nito blng 
khdng khi long, tiep tuc dung than hoat tinh 
tach nito. 

Nito lam nhat mau cua neon, cln khir 

triet de. 

He khdng anh hudng d£n chit luong mau 
cua neon, nen ham luong He cho phep dat 30% 
trong neon san phlm. 

D£ dat neon cd thuln dd cao, cln tiep tuc 
lam lanh blng hydro long hole heli long de 
tich triet d£ nito. 

3,4. do mite long; 5. van xa; 6. do luu lifdng 

Cdng nghiep phln ly khdng khi thudng 

chi lly neon. Ham luong heli trong khi thidn nhidn cao hon - thudng coi day la ngudn chii 
yeu cung clp heli. 


Ne + He. 



Hinh 8.25 

1. van tiet lUU; 2. thiet bi ngung tu; 
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III. LAM LANH SAU PHAN LY KHI THAN COK, CHti TAO H 2 

Trong qua trinh chung luyen ddu mo cung nhu cdng nghiep luyen cok, ben canh cac 
san phd’m the ran, the long, con m6t luong 16n san pha‘m phu thd khf, thanh phdn chu ye'u la 
khi hydro va cacbua hydro. 

Vi du : Qua trinh hydro hoa ddu FO loai ddu ndng thuftng thu duoc thd khf co thanh 
phdn nhu sau: 

57% H 2 ; 26% CH 4 ; 9% CO va N 2 . 

Qua trinh cracking ddu mo cho san phdm khi: 

18% H 2 ; 29,6%CH 4 ; 18,5% C 2 H 4 ; 27,2% C 2 H 6 ; 5% C,H 8 va C,H 6 ; 1,2% C 4 H I0 ... 

Qud trinh luyen cdc, tuy didu kidn cdng nghe, nguyen lieu, se cho san pham khac 
nhau. Song cu thd 1 td'n than (ham am 8%) c6 thd thu duoc 0,72 td'n than cok va khoang 270 
+ 280 Nm 3 khi n6c 16 cok (c9 0,13 + 0,14 td'n), got tat la khi than cok. 

Thanh phan khi than cok dai the nhu sau: 

H 2 CH 4 C n H m CO co 2 N 2 0 2 h 2 s 

%thitich 45 + 60 22 + 28 1,5 + 3,5 5 + 7 2 + 3,5 2 + 5 0,1 + 1 1,2 

Ngoai ra con c6 benzen (3,5 g/m 3 ), naphtalen 0,05 + 0,08 g/m 3 , hop chd't cyanua va 
luu huynh (0,5 +1,5 g/m 3 ), NO (1 ml/m 3 ), amoniac 2 + 4 kg/td'n. 

Chi mdt s6' nude Chdu Au va Nhdt sir dung khi chung cd't ddu mo cho san xudt NH 2 . 

Khoang trudc 1939 vdri san luong NH 3 cua the' gioi vao khoang 3 trieu td'n/nam trong 
do 90% di tir than va cok, sau do it ddn, song phdn ly khi than cok ld'y hydro va cac thanh 
phdn khac vin la mOt ngu6n nguyen lieu dang kd. 

Trudc khi dua vao phdn ly ldy hydro, cdn qua m6t qud trinh lam sach. 

1. Tach naphtalen va benzen 

Nhiet d6 dong r&n ciia benzen: 5,48°C, naphtalen cang cao; nhu vdy qua lam lanh sdu 
se lam tdc thiet bi, van, ducmg d'ng. Qua thap hd'p thu vcri chat hd'p thu ddu cok, ddu sola, 
xdng co the hod tan tach benzen, naphtalen. 

2. Khir H 2 S da trinh bay trong chuong IV. 

3. Khir NO 

NO co kha nang ke't hop vdi oxy, cac cacbua hydro khdng no hinh thanh cac hop chd't 
g6c nito (5 + 9% nito) c6 dang nhu ddu cok; cac hop chdt nay khdng 6n dinh, nhung vung 
tfch luy hop chd't nay vdi ham luong 16n co the gdy chay - n6 khi co dieu ki£n. Vi vdy khir 
oxit nito trd thanh m6t khdu quan trong ddc biet khi ham luong thdp, co cac chd't khir nhu 
H 2 S - phan ling oxy hoa NO trong oxy hodc chd't oxy hoa ddu tien hanh vdi mot t6'c d6 rdt 
thd'p. N0 2 , N 2 0 4 hoat tfnh cao d£ khu hon. 
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Hop chat sunfua cua cac nguyen td' nh6m 8 dd kdt hop vdi NO nha't la sunfua cua Fe 3+ 
trong mdi trudng kidm. Sunfua Fe 2+ kern hon. 

Trong phuong ph£p khd, dung Fe 2 0 3 FeS khu H 2 S dong thdi cung khu NO hinh thanh 
NaFe 4 (NO) 7 S t i va NaFe(NO) 2 S 3 . Hop chat nay kh6ng on djnh, phoi ning phan huy nha NO. 
Ham luong Fe 2 0 3 trong chat ha'p phu cang cao, oxy trong khf cok cang it; qua trinh hap phu 
NO cang nhanh, co thd dat hieu sua't khu NO tdi 80 +■ 90%. 

4. Khu C0 2 

Nhu da ban ve tac hai trong chuong VIII va khu trong chuong VI, td hop lai day 
chuyen Um sach nhu sau: 

Khf cok —> nen —> thap khu naphtalen, benzen —> khu H 2 S (phuong phap udt) —> 

—> khir H 2 S (phuong phap kh6) khu C0 2 —> phan ly. 

1. Cd so( hoa ly cua qua trinh lam lanh phan ly khf cok 

Qua trinh lam lanh phan ly h6n hop khf chu yeu dua vao su khac biet ve nhiet do sdi 
(nhiet d6 ngung tu) cua cac ca'u tu d didu ki£n ap suat khac nhau. Dudi day la cac s6' lieu 
chrnh. 


Loai khi 

Nhi&t d6 $6i °C 


1 at 

10 

15 

20 

25 

30 

CaH 6 

-47,5 

0 

+ 20 

+ 37,1 

+ 43,8 

+ 47 

c 2 h 6 

-88.7 

-33 

- 18 

-7 

+ 3 

+ 11 

c 2 h 4 

- 103,7 

-56 

-39 

-29 

-20 

-13 

ch 4 

- 161,58 

-129 

-114 

- 107 

-101 

-95 

0 2 

- 182,97 

- 157 

-116 

- 140 

-137 

- 133 

CO 

- 191,47 

-166 

- 154 

-149 

-146 

-142 

n 2 

- 195,8 

-175 

-163 

-158 

-155 

- 152 

h 2 

- 252,7 

-244 

-239 

-238 

-237 

-236 


Nhiet d6 tdi han cua cac c£u tu nhu sau: 

CH 4 : -82,5”C; 0 2 -118,82 1> C; CO: -140,2°C; N -147,13°C. 

Nhu vay qua trinh phan ly khf dua vao hda long timg phdn tidn hanh hoac d ap suat 
tha'p: 10 at; hoac d ap suat cao: 25 at, khuynh hudng phd bidn la d 10 at. 

Mat khac, co thd tha'y phi didm cac cau tur each nhau khd xa vi vdy co thd dung bidn 
phap ldm lanh, tung bude ngung tu cum cac ca'u tit khOng edn hoa long toan bO rdi chung 
luyOn nhu trudng hop tach N 2 vd 0 2 tir khOng khf. 6 day cd hai vdn dd co ban cin luu y: 
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1. C£n phan each vdi hidu suat cao nha't cac cacbua hydro, dac biet la CH 4 , mfit ca'u tir 
co ham luong cao thu hai, phi diem tha'p vao bac nha't, 

2. Can tach toan bo CO khoi H 2 6 mi£n nhiet d6 r£t tha'p trong c6ng nghifep dung nito 
long de tach CO - b6 sung N 2 cho H 2 tao h6n hop H 2 va N 2 theo yfiu ciu cua tdng hop NH 3 ; 
thap rira lam viec trong he 3 ca'u tir H 2 - CO - N 2 (xem chuong VII). 

2. Mot so van de cong nghe 

Hien nay sir dung r6ng rai hai day chuyen c6ng nghe. Day chuy£n Linde: lam viec 6 
13 at, tidn hanh lam lanh khi 16 cok bang khi san pham t4ch ra timg bude trong chu trinh 
lam lanh Linde don gian, m6t lin tiet luu va nito long. 

Bang 8.2 cho tha'y m6t vl du vd san pham cac cum ngung tu (bao g6m thanh phin va 
luong) ldn loot qua cac thie't bi lam lanh (1-2) thu cum etylen; lam lanh (3) va thiet bi phu 
tach cum CH 4 ; thie't bi lam lanh bang nito long tach hoan toan metan va th£p rua CO bang 
nito long, thuc hien can bang cua ha N 2 - CO - H 2 . 

Thuc ra cha't tai nhiet lanh chu yeu 6 day la nito long hoa hoi - he co nhiet d6 tha'p 
nha't, ham nhiet 1dm nha't (-190°C) 

San phdm h6n hop khf H 2 /N 2 co ty 16 3/1; tap chat thubng duy tri 6 mire CH 4 < 0,15 
%, CO < 80 ppm; 0 2 < 100 ppm. 

Thuc ra cac phan urng ngung tu, tdeh khoi thie't bi truyen nhiet khbng ma'y gia tri. It sir 
dung rieng re ma trdn lan lam nhien lieu, quay tro lai cung ca'p cho qua trinh cok hoa than. 

H6n hop nay thudng co cac thanh phan sau: CH 4 : 50 + 52%, C m H n : 3,5 + 45%; CO; 
12 + 14%: 0 2 : 0.9 + 1.1%; N 2 : 23 + 26%; H 2 S: 3 + 6% 

Nhiet tri: 23023 kJ/m 3 + 23860 kJ/m\ 

Hien nay cung co mot s6 co so tach rieng re d£ su dung: vf du chuyen hoa CH 4 la'y H 2 , 
tir etylen lay etylic, chd' tao dicloethan... bang nhung phuong phap hoa hoc nhu ha'p thu 
etylen bang axit sunfuric r6i che' bie'n tie'p; hoac tie'n m6t bucrc chung phan ly... 

M6t day chuy6n khde, tie'n hanh 6 ap suit cao: chu trinh Claude lam viec o 25 at; 
dung may sinh c6ng - nhiet d6 sau mdy sinh edng -210°C. Sau thiet bi lam lanh sd 1, ha 
nhiet d6 xudng -65°C; qua thiet bi sd 2 tach cum etylen; qua thiet bi so 3 ha xuO'ng -100°C 
tach cum CH 4 ; tach ti£p tap chat con he CO - H 2 - N 2 , he qua gian n6 sinh c6ng ha nhiet d6 
-200 -210°C, ngung tu tie'p tap cha't con lai he khi ham luong H 2 : 93%; N 2 : 5,5%; CO: 

1,1% tie'p tuc rua bang nito long 0 thap dla (khoang 48 dTa). 
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Bang 8.2 


Thanh phan 

h 2 

ch 4 

CO 

n 2 

C„H 2n 

0 2 

I 

1. Qua thiit bj lam lanh s<5 1 khu lanh sSu, nhifit <36 ha td -45°C xufing -100°C 

Nm 3 /gid 

4884 

2429 

722 

528 

172 

61,6 

8800 

% V 

55,5 

27,6 

8,2 

6,0 

2,0 

0,7 

100 

2. Qua thi^t bj lam lanh sfi 2 - thu dirge cum san phlm etylen, ha -100°C xudng -145°C 

Nm 3 /gid 


220 

10,5 

30,8 

159 

- 

420 

%V 


52,5 

2,5 

7,5 

37,5 


100 

3. Qua thiit bi lam lanh s 6 3 ha khl tCr — 145°C xudng - 180°C 

Nm 3 /gid 

4884 

2209 

711 

497,5 

17,5 

61,6 

8380 

%V 

58,3 

26,4 

8,5 

5,9 

0,21 

0,7 

100 

4. Qua thiSt bj lam lanh phu s 6 3, luu gitf tach cum CH 4 

Nm 3 /gid 

280 

2108 

412 

247 

17.5 

41,9 

8700 

%V 

9,0 

68,4 

13,2 

7,8 

0,51 

1,36 

100 

Bat hiSu suat tach 

95,9% 






5. Qua thiit bj nc 

jirng tu bang nito long ha nhiat dp xudng -190°C 

Nm 3 /gid 

4604 

101 

300 

236 


19,7 

5280 

%V 

87,2 

1,9 


4,4 


0,37 

100 

6. Cum CH 4 ngimg tu tach ra tCf thiit bj ngung tu bing nito Idng 

Nm 3 /gid 

14,8 

68,5 

37,5 

22,2 



146,3 

%V 

10,0 

45,5 

126,7 

15,3 


3,5 

100 

Dat hiftu suat tach 

98,5% 






7. Thanh ph£n khf vao thap rCra nito long 

Nm 3 /giO 

4589 

34,3 

262 

234 


14,4 

5134 

%V 

89.4 

0,67 

5,1 

4,55 


0,28 

100 

8. Phin sin phim day thip 

Nm 3 /gid 

17,8 

34,3 

262 

861 


14,4 

1100 

%V 

1,5 

2.9 

22,0 

72,4 

- 

1,2 

100 

Dat hifcu suit tach 

100 

100 
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Hinh 8*28. Day chuydn lam Janh phan ly kht cok Linde; 

1, 2,4. thfet b| lam lanh; 3. thiet bi phan ly; 5. thlet bj lam lanh 
boc hdi nitd long; 6. Thap rLfa CO; 7 — 12. Ihiet bi 1am lanh nitd 






Chiromg IX 


TONG HdP NH, 

I. VAI NET v£ LICH Stf VA MOT S6 M<5 c QUAN TRONG 

Tdng hop NH* da trd thanh mdt ngu 6 n nguyen lifeu quan trong cho phan dam dac bifet 
la sau 1945, neu khong noi la ngudn nguyen lieu chit y^u; mot phin r£t nhd phan dam di tir 
nitrat natri, thu hdi NH 2 trong khf 16 cok, cyanamid canxi. 

1909: Fritz Haber phat minh phan ting tOng hop NH 3 a quy m 6 phong thf nghiem. 

1913: cr Dire Carl Bosch dua vao quy m 6 pilot vdi san luqng 30 ta'n/ngay va dan phat 
tri£n tori ngay nay. 

Tir sau 1930 nhiSu nude phat trien c 6 ng nghe tr£n co so H 2 tir khf cok, hoac trd thanh 
ngudn nguyfin lieu ran, d4n ddn khf hoa nhien lieu ran chiem uu the' va trd thanh ngudn 
nguyen lieu chfnh cho den 1950. 

Sau 1950 6 My bat ddu til reforming hoi nude khf thien nhien, quy m 6 cung len tdi 
165 tan/don vi day chuydn.ngay; quy md nay tang din. nha't la sau 1960 tir 300 tan/ngay len 
tdi 600 ta'n/ngay; vai nam sau (1965) len 1000 ta'n/ngay rdi 1500 ~ tdi 1800 ta'n/ngay. 

Vi co ca'u nguyen lieu cung ngay cang da dang, tir than sang khf, sang diu... cho tdi 
1990 ty trong khf trong co ciu nguyen lieu da len de'n 78,7%, ddu naphta: 5%; ddu nang 
3,4%, than va cok: 10,9%, cic nguon khac 1,6%. 

Ve djnh mire tieu hao nang luqng cung giam dan. Vf du di tir khf thien nhien; neu dinh 
mure tieu hao nang luqng cho 1 tin NH 3 nam 1943 - 1965 trong khoang 10,5 + 11,1 Gcal thi 
khoang 1995 da giam xudng mire cd 6,8 + 7 Gcal; vdi than la 9,8 Gcal; diu FO: 8,5 Gcal. 
Nhtfng bie'n ddi nay xua't phat tir qua trinh cai tkfn c 6 ng nghe tdng hop NH 3 , xua't phat tir 
nguyen ly ciia qua trinh edng nghe, dac bi 6 t li cong nghe xuc tac, quy md va phuong an tan 
dung nhiet. 

II. NHUNG CO s6 HOA LV CUA QUA TRINH TONG HOP NH 3 

Phan irng tong hop NH 3 , trong cong nghiep la mdt phan ung thuoc loai phan ting khf 
rin - he khong dong nha't, tien hanh trdn xuc tac vdi thanh phin co ban la sat tir va mdt s<5 
phu gia nhu: AI 2 O 3 , K 2 0, CaO... 

1. Cd scr nhi?t dong cua phan umg 

La mot phan img hai chidu, sd phan tir thay doi trude va sau phan ting. 


134 



-N, + — H-, NH,(g) 

2 2 ' 


Ngoai tfnh ihanh ph&n can bang qua hang so can bang, hang so nay co the xac dinh 
qua phircmg trinh nhiet dong. Trong cong nghiep giai ihi&u kha nhieu cong thurc kinh 
nghiem de tinh hang so can bang (K p ) 6 di£u kien lam viec khac nhau. Cong thurc sau cho 
ket qua phu hap: 


_ Pnt-G 
N ,J/2„.V2 


Pn,'-Ph, 


P 


y 


y^H, 


1/2 r /2 

N 2 ' H j 


(p —* 0) 

= —p— - 2,691121gT-5,5193.10“ ? T+ 1,8489.10" 7 T 2 + 2,6898 


ho&c dan gian hem, cong thirc there nghiem ciia A. Nilssen trong mien ap suht lam vi6c tir 
1 ~ 100 MPa: 

2074,8 -7 i 

lgK r = - 2,49931gT+aT + 1,856.10 V + c 


Gih iri cua a va c thay d6i theo ap suS't 


Ap suat, MPa 

1,01 

3,04 

5,07 

10,13 

30,40 

60,80 

101,3 

a.10 5 

0 

-3,4 

-12,56 

-12,56 

-12,68 

-108,56 

-268,33 

c 

1,993 

2,021 

2,001 

2,206 

2,206 

3,059 

4,473 


Cling co th£ ti'nh theo fougat (f,) va h6 so fougat {’/,): 


K.= 


f, 


% 


PNHi -YnHi 


1/2 f V2 




N 


2 


2 


n J/2 y U2 u V2 y vl 
kN 2 ‘I N 2 TH 2 '*H 2 


= k p .k y 


Trong cac cong thirc tren, ap suat 
rieng pliSn cua c4c can tu (p,), thanh 
phan ti'nh theo % the tfch (y,) deu tinh 
a trang thai can bang - trang thai cao 
nhat phan ung co the dat tai. Tu do co 
th6 xac dinh n6ng do NH ? hoac hiPu 
suit chuy6n hoa a trang thai can bang. 

Hinh 9.1 cho ket qua gia tri n6ng 
do NHi 0 trang thai can bang b ap suat, 
nhiet do lam viec khac nhau. Uhg vdi 
dong nguyen lieu co ty 16 H 2 /N 2 = 3/1 
va H 2 /N 2 = 3/1 trong do c6 7% CH 4 va 
3% At. 



Hinh 9.1 


Ap suat, MPa 
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Trong tracing hap tinh toan c6ng nghfe, c6 the tham khao d6 thi nay hoac cac so lieu 
tinh toan trong cac s6 tay chuydn dung. 

Phan ting toa nhiet, hieu ting nhiet cua phan ting thay doi theo nhifit d6, ap sua't tong 
hop. Nhieu c6ng thtic kinh nghiem cho phep tinh hi6u ting nhifet cua phan ting. Vi du hieu 
ting nhiet cua phan ung gitia N 2 , H 2 nguydn chft tao thanh NH 3 : 


-AHr = 38338,9 + 


T T 1 '’ 


p + 


+ 22,3864T + 10,572.10 4 T 2 - 7,0828.10 n T’ kJ/kmol 


6tO 


Trong thuc t£ san xuat, phan ung diSn ra trong h6n hop khi N 2 , H 2 , NH 3 va khi tro. 
c£n ti'nh d£n nhiet h6n hop. Qua trinh h6n hop thucmg thu nhifit vi vay gia trj nho hon gia tri 
ti'nh todn theo c6ng thdrc tr£n vao khoang 10 + 13%. C6 th£ tinh nhiet h6n hop khi phan ung 
sinh thanh I mol NH 3 theo: 

AH m = -L- (H s - Hg) - 1 ~ Yn ^ (H m (H. - K ) 

Y NH, Y NHi 

—--s6' mol h6n hop sau khi phan ting hinh thanh 1 mol NH 3 ; 

Ynh 3 

1 — - - i 

-— - s 6 mot hon hop H 2 , N 2 , CH 4 , Ar trong hdn hop khi san pham; 

Ynh 3 

H s - nhidt ham mola cua h6n hop khi c6 NH 3 , chi s 6 o chi nhi6t ham tifiu chuan; 

H m - nhidt ham mola cua h6n hop khi co H 2 , N 2 , CH 4 , Ar trong h6n hop khi, chi s6 o 
chi nhi6t ham tieu chuan; 

H a - nhi£t ham mola cua NH 3 . 

Va hieu ung nhifit cua phan ling bang t6ng hai hifiu ting trfin: 

AH = AH r + AH m 

Cung co th£ tra ctiu sd lieu tinh toan tir cac s 6 tay chuySn dung. 


2. Van de toe do cua phin urng 

Phan ung ti£n hanh voi mdt t6'c dd rdt nho, k£ ca 6 nhidt d6 cao. Vi vay bu6c phai sir 
dung xuc tac. 

Hien sir dung xuc tac gdc Fe 3 0 4 , thucmg co cac phu gia oxit cua cac nguyen t6' Al, K, 
Ca, Mg... va mOt s6' tap cha't theo vao trong qua trinh che tao nhu Si, Ti, S, P, Cl... 

Thanh phin hoat ti'nh co ban la Fe 3 0 4 , cdu true spinen, co thti dung nguydn lieu dang 
quang sat tir, qua tuy^n. Y£u to ty le Fe 2+ /Fe 3+ anh hudng rdt ldn tori hoat tinh xuc tac, day la 
thanh phan co tac dung chu yfu day manh tdc d6 phan ung. Trong c6ng nghiep quen tinh 
hoat tinh xuc tac bang % NH 3 tinh theo the tich khi ra khoi thap trong m6t dieu kidn nha't 
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dinh - vi du a nhiet do 475°C (nguyen khai), t<5c do luu luong, ap sua't xac dinh...; con co 
hoat tfnh sau tang nhiet do lam viec, the hien tinh dn dinh nhiet cua xuc tac - thucmg nang 
nhiet len nhiet dd cao (khoang 550°C) trong vong 20 gid, sau dua trd lai nhiet do nguyen 
khai - xac dinh hoat tfnh. 


Dudi day la mdt vi du ve mdt loai xuc tac: 


Fe 2 */Fe 3 * 

0,45 

0,51 

0,55 

0,60 

0,73 

hoat tinh nguyen khai NH 3 % 

15,7 

18,9 

20,0 

20,1 

18,4 

hoat tinh sau tang nhiet NH 3 % 

15,6 

18,8 

20,1 

20,2 

17,8 


Oxil nhdm - dua them vao xuc tac nhu mdt phu gia kdt cSti - lam thay ddi cau triic 
pha cua c£u tu chmh: lam tang be mat rieng cua a-Fe va tao do xop ldn; giam xu hudng tang 
kich thudc tinh the khi lam viec d nhi6t dd cao (vf du b 500 + 520°C), bao dam on dinh cau 
true bd mat. Thucmg pha 25% A1 2 0 3 dam bao 6n djnh rieng. 

K 2 0, CaO ducrc coi nhu phu gia loai thay d6i c£u true diem tu, giam edng thoat 
electron khoi be mat, qua do nang cao hoat tinh cua xuc tac. 

Cung co mdt n6ng dd K 2 0 tdi uu - co 0,5 + 1%, hon nQa se giam bd mat rieng - nha't 
la cua Fe. 

CaO nhu mdt chat trd dung, tao didu kien d6ng nha't thanh phin trong qua trinh ch£ tao. 

MgO tudng tu nhu CaO, ngoai ra con co tac dung ngan su 1dm len cua tinh th^ sat, 
tang dd 6n dinh nhiet. 

Cung co mdt khuynh hudmg dua them t6ng oxit da't hi£m. Cong vdi nhung phat ki£n 
trong ch£ tao, hoat tinh xiic tic tang ro ret, nhiet do va ap sua't lam viec d£u giam, tao didu 
kien lam bi£n d6i edng nghe nhu ha dp sua't t6ng hop xud'ng ph6 bi£n b mtfc 9+10 MPa, 
nhiet dd lam viec co th£ giam xudng 360, tham chi 350°C, mang lai nhung gia tri kinh te' lom lao. 

Bang 9.1 gidri thieu mdt s6 dac di£m cua cac loai xuc tac loai nay. 

Xuc tac nay ducrc chd dudi dang manh, dang cdu, dang tru va gin day de giam trd luc, 
con co nhung dang co cau tao cau ky hon nhu dang true rdng, tru rdng co vach ngan... 

Vi mat thanh phan va cac thdng s6 noi tren, d£u la dang ban dau, trude khi dua vao sir 
dung - cin qua mdt giai doan: hoan nguyen xuc tac - chuy^n sat tit dang oxit sang dang a- 
Fe, dang xuc tac hoat tinh. Quy trinh khac nhau tuy loai xuc t£c, do cac hang san xuat xac 
dinh. Song d£u chung nhung nguydn tac co ban nham dam bao hoat tinh cua xuc tac. 

Trong qua trinh nky, vd mat hoa hoc: thuc hien phan umg vdi mdt didu kien khdng ch£ 
nghidm ngat, giUa ddng khi H 2 hoac N 2 + 3H 2 : 

Fe 3 0 4 (ran) + 4H 2 (khi) ^ 3Fe (ran) + 4H 2 0 (khi) AH 298 = 149,9 kJ/mol 
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San ph£m la a-Fe dang tinh the phan tan. d dang hat min (~ 200 ©) nSm trong xtic tac. 
Day chinh la nhOng trung tam hoat tinh. Tuy mtic dd hoan nguyen (theo til thOng dung trong 
c6ng nghiep) cang tang, bd mat ridng cung nhu dd xdp (ty It the- ti'ch mao quan/khd'i luqng 
hat) tang rd rdt. 


Vi du d 450°C mtic dd hoan nguyen (%) 

0 

20 % 

60% 

100 % 

bd mat ridng (m 2 /g) 

0 

2 

6,5 

10 

d 500°C be mat rieng (m 2 /g) 

0 

0,8 

2,2 

4 

do xd'p (ml/g) 

0 

0,01 

0,035 

0,065 


Bang 9.1 


Hang 

Loai xiic 

tSc 

Thanh phSn phi) gia 

Di4u kren lam vi6c 

warn 






CoO 

Ap suat, MPa 

Nhiet dd, °C 

V, 10 4 h" 1 

UCI 

My 

C-73-3-02 

0,6 

2,4 

1,4 




5 

4,9-15 

375 - 475 

0,6-2 

C-73-1-01 

0,5 -f- 0,8 

2-3 

07-1,2 





9,8 - 98 

400 - 590 

1 -5,6 

ZC1 

Anh 

35-4 


2,5 

2,0 

0,3 




14,7-58,8 

350 - 550 

2 

35-8 

1 

3,2 

2,5 

0,4 

0,5 






BASF 

Dire 

S6-10 

0,54 

2,9 

2,8 

0,32 

0,35 



9,8-58.8 

380 - 530 

3 

Topspe 

Dan 

mach 

KM-1 

0,66 

2,85 

3,27 

0,28 

0,78 



9,8-98 

380 * 550 

1,5 


CA-1 

0,7-1 


<07 

<0,7 




9,8 - 29,4 

400 - 550 

3 

CA-1BI1 

0,87 

2,85 

1,90 

0,9 

0,35 



9,8-29,4 

350 - 550 


Casale 

Thuy S\ 

Cl 6.3.5 

0,8-2 

2,5 -3,5 

2-2,5 

0,1 -0,4 

0,2 -0,6 

0,5 -2,5 


9,8-29,4 

350 - 500 

3 

Trung 

Qu6c 

A110-1 

0,6-0,8 

2,2-2,6 

1,4- 1,8 


^ 0,4 



30 

370 - 550 


A2Q1 

0,45-0,7 

1,9-2,6 

1 - 1,5 


^ 0,4 



20 

380 - 500 



D6i vdi mot so loai xuc tac, cd mOt sd cOng trinh c6ng bd dOng hoc cua qua trinh, chu 
y£u la phircmg trinh dong hoc xac dinh toe dd cua qua trinh, song thuc te qua trinh hoan 
nguyen vln dtra vao thuc nghidm - hoSc dua vao tin hidu: nong dd amoniac trong nude 
ngung sau hoan nguyen. 

Vi mat djnh tinh, co th£ luu y: 

Qua trinh ho&n nguyen la qua trinh thu nhiet, phan ting hai chi£u tang nhiet dd co Iqi 
cho phan ting - tang tdc dd sinh thanh a-Fe; song nguoc lai H 2 0 vdi ham luong ldn co the 
chuy£n a-Fe trd thanh Fe 3 0 4 quan he can bang gitia Fe-0 2 -H2 nhu hinh 9.2. 
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Theodo.b ^2. = 0,1. 

Ph 2 

6 350"C toan bd Fe 3 0 4 chuydn thanh 
Fe (nd'u thdi gian du dai). 

Nhidt dd cung vay, cang cao cang co 
Iqi ca vd mat can bang va van t6'c cua phan 
trng, song' cin quan tam ddn kha nang lam 
tang kich thudc tinh thd sit vtra hinh thanh, 
va duong nhien phai gibi han trong mien 
nhidt dd lam vide cua xuc tac. 

Cung tir dd thi co the coi H 2 0 nhu 
chit ddc dd'i vdi xuc tac, edn quan tam ddn 
ty Id H 2 0/H 2 , didu chinh ty le nay qua td'c dd luu luqng dong khi, vi chinh tdc dd luu luqng 
nay anh hudng tdi ty Id noi trdn. 

Trong cong nghiep, qua trinh hoan nguyen tid'n hanh ngay trdn thid't bi phan ting, la 
giai doan mb may cua day chuyen cong nghe. 

Cung do ca'u true chinh cua xuc tac la tinh thd sit mjn - hoat tinh cao nen khi dirng 
may, thao dd xuc tac - tuan thu nghidm ngat quy trinh cong nghe trong qua trinh chuyen lai 
a-Fe vd dang Fe 30 4 la mdt vide cue ky quan trong chdng hu hai xuc tac, tham chi phan ung 
gifia xuc tac vdi oxy hoac khdng khi co thd manh lidt ddn miic lam nong chay ca xuc tac lin 
thid't bi phan ung chura xuc tac. Trong edng nghiep quen goi la: quy trinh thuin hoa xuc tac: 
chuydn a-Fe vd dang Fe 3 0 4 . 

Thudng tien hanh thuan hoa a ap suit thip (0,3 -s- 0,5 MPa), nhidt dd thip (< 130°C), 
dong khi tuin hoan bd sung oxy din tir 0,1% ddn 21%, tuy bidn ddng cua nhidt dd. 

Cac nha chd tao xuc tac khdng chd nghidm ngat ham luqng chit ddc dua vao theo 
nguydn lidu trong qua trinh chd tao (chu ydu cic nguydn td vi hop chit ciia chung: S, P, Cl, 
As...). Cac nha edng nghd cin dd xui't cac quy dinh nghidm ngat, khdng chd' ham luqng chit 
ddc vlnh vidn (S, P, Cl, As...). Cac chit phi hong hoin toan xuc tac, khdng thd khdi phuc 
hoat tinh; cac chat ddc tam thbi (cac oxit H 2 0, CO, C0 2 ) oxy hoi a-Fe thanh oxit va co the 
khdi phuc khi trong dong khi khdng con chung nua. 

Dd giu hoat tinh xuc tac, dam bao xtic tac lam vide lau dii (khoang 5 + 7 nam) con 
cin luu y nhOng thdng sd anh hudng tdi tinh chit vat ly cua bd mat nhu bui, than, su bien 
ddng thit thucmg cua nhidt dd... 

Kha nhidu edng trinh nghidn ciru co chd cua phan ung tdng hop trdn xuc tac gdc oxit 
sat, tuong ung dua ra nhung phuong trinh ddng hoc. 
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Co che cua phan ting va theo do la phuong trinh dong hoc cua Temkin, Puzob dupe 
noi den nhieu hon, va ket qua ti'nh toan cf diPu kien ap suat trung blnh 30 MPa, nhiet dp 
trong mien 400 -s- 500"C kha phu hop thuc t£ c6ng nghiip. 

6 d^y tac gia gia thie't: bude hip phu N 2 tren trung tarn hoat tinh la bude ch&m nha't; 
qua trinh ha'p phu man theo phuong trinh hap phu dang nhiet do hai 6ng dP xuat - hay con 
goi la phuong trinh hap phu ding nhiet logarit; hap phu of mtic trung binh. Til do phuong 
trinh dpng hoc co dang: 


dN 


r = 


NH 


3 _ 


dS 


- kpP n, 


f 3 

PH 2 

_2 

Pnh 3 


k 2 . 


2 Y 
Pnh ? 

v P »2 j 


(kmol/m 2 .h) 


k 1( k 2 - hang s 6 tdc dp phan irng thuan va nghjch; 

Pi - ap suat rieng phin cac ca'u tir than gia phan ung a thdi diem xac dinh td'c do 
phan ung; 

a, b - nhOng hang sP thuc nghiem - vdi xuc tac Fe-,0 4 a = b = 0,5 hoac d ap suat cao, 
chinh xac hon dung fougat thay cho ap suat rieng phSn 


dN 


NH S 


dS 




' fi V 
r H 2 

f 2 

v'NHj, 


-k,.| 


r f 2 \ 

r NH 3 


f, 


H 2 


.e 


-(V a -aV )•— 
4 RT 


trong dd V a , V 5 - the u'ch mola cua hop chat trung gian bP mat va nito 6 dang ha'p phu 
(cm 3 /mol), vdi xuc tac oxit sat co thP l£y gia tri V a = = 27 cm' 1 . 

Phuong trinh ddng hoc tren diing trong miPn ap suat 1 50 MPa. Trong ttnh toan, 

thiet ke' edng nghe thudng chuyen cac phuong trinh tren ve dang de tinh hon nhu sau: 
dY NH 


dt 


Vo-dY NH , 

dV„ 


= k.p" 0,5 .(l - Y io )" 1,5 ■ 


L 2 .(1 -Y i(> ) 4 (l-bY NH ^ ) 4 - Y^ [l + Y NH J 


L = 


y nh^ 


• ~ ynh, - y-ioU + y nh^ 


Y NHr a-bY NH ,) 

= 0,325.Kp.P 


1,5 


b=. 

i - yu, 


/ 4 y 5 


k > - Y 2 

IT ~ Kp 


k = 


- .22,4.8.k 2 

v3. 


Yr» 

Trong cac c6ng thde tren t = chi thdi gian tiep xuc 
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V R - thd tfch viing phan tog (m ? ); 

V 0 - tdc dp Luu lirpng dong nguyto li£u (m 3 /h); 

P - ap suat tdng hop (atm); 

y* - chi ndng dp tfnh theo % thP tfch - 6 trang thai can bang; 

y; - chi ndng dp tfnh theo % the tfch - 6 trang thai xac dinh r; 

Y (0 - ham lupng khf tra trfch trong dong khf khOng co amoniac (% V); 

Y NHj - ham lirpng NH-, (% V); 

8 - be mat rifing xuc tac (cm /cm'). 

Tfir cac phuong irinh trftn co the xac dinh then gian phan tog tir ndng dp NH^ bang 
khPng den ndng do Ynh-, ■ 

(l-Y io )'' S .dY NHi 

T ° P J k.(l + Y NH /) L 2 .(l-Y io ) 4 .(l-bY NHj ) 4 -Y^ Hj 

C5n luu y, xuc t£c dung trong tong hop NH ? phto lam co kfch thude hat trong miPn 
8 h- 15 mm. Mac du hoat tfnh xuc tac dan dupe nang cao, song cho tdi nay hau hPt phan tog 
xuc tac he khf - rdn nay deu didn ra trong mien khuech tan trong, nghTa la efin tfnh den hi£u 
suPt lpi dung bP mat trong cua xuc tac. Khi do toe dp thuc cua phan tog tfnh bang: 

fkt« = k.f(y).n 

Tfnh toan hiPu suat p kha phto tap vl: 

T) = f(R,C,.n.T.P) 

trong do R - dudng kfnh hat xuc tac; 

Q - ndng dp cac cPu tmr d mdi mpt 
hiPu suat chuydn hoa xac dinh, 
tuong tog nhiet dp T, ap suPt 
P; 

n - bac cua phan tog - phan anh 
dang cua phuong trlnh d6ng hoc. 

Trong truemg hop thiet kP edng nghe 
- co thd tham khao sP liPu kinh nghiPm 
trfen hinh 9.3, dd xac dinh ham lupng NHi 
khi ra khoi vung phan tog. 0 didu kiPn ap 
suit 30 MPa, tdc dp luu lupng 30000 h l . 

Ngoai ra, trong nhidu trudng hop cu 
thd co thd dung nhung c6ng thurc thufin tuy 
kinh nghiPm dd tfnh nhtog thdng sP efin 
thiPt. 



Oudng kinh hat: 1: 0,6 mm; 2: 2,5 mm; 
3: 3,75 mm; 4: 6,24 mm; 5: 8,0?mm; 
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Vf du: Phuong trinh cung cua Temkin, song chi chu y d£n phan ling thuan; lam viec 
vdi xuc tac g6'c oxit sit, phu gia A1 2 0 3 va K 2 0 (cung co th£ cho gia tri gan dung - vi phan 
ling d khi xa trang thai ckn bang): 


d PNH, 

dt 


= k. 


Pn 2 -Ph^ 

Pnh, 


Trong do k! co gia tri: 

t°C 425 450 475 500 525 

kj.10" 4 0,32 0,94 2,27 5,34 11,8 

Nang luong hoat hoa cua phan ling bang 14 kcal/mol hoac tinh ham luong NH 3 trong 
khi sau phan ung (x) (% mol) 


— - -0,5(1 +x)(I - x) 4 ln 


V 0 -P 


0.5 


X 2 (l-x^) 
x*(l - x) 4 


Trong do p: ap suit (atm); 

x* - ham luong NH 3 6 trang thai can bang; 
k, - hang so t6'c d6 phan ung; 

V 0 - t6'c do liru luong (gid -1 ) hoac don gian hon, cdng thuc tmh cucmg dd san 
xuat cua xuc tac 

g = 0,771.V ( ,a ! .8 

a) - phan tram NH 3 hinh thanh trong thap, tmh bang —— 

100+ A 2 

Aj, A 2 : ham luong NH 3 noi ra va vao thidft bi (% mol). 

8 - su giam th£ ttch hfi khi do phan ling = 1^0 + A 2 
' 100 + A, 


Trong nhung nam gan day, xuit hi£n xuc tac kim loai quy ruthenium tr6n chat mang 
graphit hoac gdm thay cho xuc tac g6c oxit sit. V&'n de nay se d£ cap 6 chuong sau. 


3. Van de can b&ng long hdi trong he NH 3 

San pha'm sau phan ling la m6t h6n hop khi H 2 , N 2 , khi tro va NH 3 . Do die die'm van 
t6'c cua phan ung, nong d6 trong khi san phim deu tha'p, khoang 16 + 20%. Cin dua vao lam 
lanh de tach NH 3 ngung tu dudi dang long. Phan nito, hydro chua phan ung quay tuin hoan 
trd lai thap tdng hop. 

N6ng dd NH 3 d trang thai cSn bing x NH:i (tmh iheo % the tich) thay d6i theo nhiet do 


va ap suit. Tinh theo c6ng thuc cua A. Mikhel: 


lg x NH 3 =2,3591 + 


6,56799 1168,1288 

V10.2P ~ (273+1) 
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P - ap suit (MPa); 
t - nhipt do (°C). 

Trong cPng nghp, coi nhu qua trinh lam lanh dat trang thai can bang pha trong thiet 
bj. Co thd true tidp dung c6ng ihurc nay de tfnh lupng NH 3 thu dupe trong thiet bi phan ung. 


hi. nhCNg van of; c6ng ngh£ t6ng hop nh 3 

1. Oieu kien cong nghe 

Hien nay, dua vao ap suit cua day chuydn thudng chia ra lam 3 loai: 

He thong lam viec 9 ap suat thi'p 10-5-20 MPa 

Hd thong lam viec o ap suit trung binh 20 -5- 35 MPa 

Hd thong lam vide 6 ap suit cao 45 + 100 MPa 

Tuy loai xuc tic khac nhau, ap suit tong hop co thd khac nhau. Song co mpt so dac 
diem chung: 

Vd nhidt dp: phan img tong hop la phan ung trong hp kh6ng d6ng nhat, khi ran, hai chidu 
va toa nhidt. Vi v&y nhu phan ting cung loai, co didu kidn t6'i uu. Nhiet dp tPi uu giam din 
theo hidu suat chuydn hoa cang tang, ThuPng xac djnh nhidt dp tPi uu qua gia tri dr/dT = 0 
(ting vPi npng dp ban dau va hipu suit chuydn hoa nhit dinh). 

Vd gia tri mien nhidt dp lam vide: tuy loai xuc tac sir dung, 

Dd dam bao nhidt dp lam vide quanh midn tPi uu, sir dung loai thiet bi truydn nhiet npi 
bp hoac trung gian. Phin thie't bi truydn nhidt trung gian ho|c dung hinh thtic gian tie'p, hoac 
true tie'p bang each truydn nhiet tCr chit tai nhidt lanh qua thanh 6'ng cua thiet bi truydn nhiet, 
hoac bP sung khi nguydn lieu lanh (120-5- 150°C) vao gitia hai doan cua phan ung xuc tac. 


Do thife't bi truydn nhiet npi bp co nhupc didm la tid't didn chtia xuc tac qua nho so vpi 
tiet dipn do dung xuc tac nen lupng xuc tac bi han chd; nang suat thiet bi qua thap; khPng 


hop vPi day chuydn co san luong lPn. ndn chi 
dung cho hp c9 100 -5- 150 tin NH 3 /ngay. Hien 
hiu het ddu chuyen thanh thiet bj truydn nhiet 
trung gian. 

H)nh 9.4 cho m6l hinh anh vd thap tong 
hop 3 doan tren xuc tac oxit sat cua hang Topsoe. 

Hinh 9.5 gidi thieu mpt loai thap tdng hop 
tren xuc tac oxit sit, 5 doan, thiet bi lim lanh 
trung gian san xuit hoi nuPc 16 at, nang suit 300 
li'n/ngay ddm, ip suit tdng hop 300 at, lupng xuc 
tac 6,4 m\ Bdn canh la dupng phin bP nhiet dp 



va nPng dp NH 3 theo chidu cao thip. 


Hinh 9.4 
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v£ thanh phftn khi nguyfin lieu: Qua trinh tong hap dong khf dira vi 
g 6 ra hai phdn: khi nguyen )i£u tCr cOng doan che tao khf nguySn lieu dira sail 
Hj/Ni khoang 3 4 - 3,1; 0,5% khf trc (CII 4 , Ar) va khf san phfltm cua qua tr'mh tc 
khi da tach phiin Ion NH 4 (bao g 6 m H 2 /N 2 , NH 4 va khi tro). Goi chung la khf mai 
Anh huong den tOc do phan ling chu yen co hai loai khf: mot loai la h 6 n 
nita va mot loai la khf tro. 

Voi Ht va nitof, ducmg nhien ndng do cang cao cang co loi cho phan dug 
toe d 6 phan ling va chuyfin djeh eftn bang. Co the dua vao phirong trinh dong ho 
le Hi/N? = y voi siA tri tOi int. Vi dn voi oh item e trinh Temkin, 7 to’i uu tins voi 











Tuy vay tieu hao theo phan umg vdi he sd ty lupng = 3/1; gia tri tdi iru ldp uic bi pha v5. Vi 
vay trong edng nghidp dfeu giO ty 16 y = 3/1; hoac trong trudng hop bd sung khf lanh, thudng 
bd sung h 6 n hop khf giau H 2 , tach tir khi' phong khdng. 

Vdi khf tro: do dong khi di tu£n hoan, nen n 6 ng dd khi' tro tang ddn trong dong tu^n 
hoan. Ham lupng khi tro tang, tuong tu giam dp suat rieng phan ca'u tir khac; do viy toe dd 
phan ling, can bang phan ung bj giam tuong ting vdi miic giam do ap suit tdng hop ha tha'p 
gay nen. 

Dua vao tinh toan kinh tft' d£ xac dinh ndng dd khi tro trong khi tu£n hoan (cung la khf 
nguyen lieu dua vao tong hop NH-0; mdt bai toan giua tac hai do giam tdc do phan ling, can 
bang phan ling va tdn that N 2 , H 2 , NH 2 do thai bo. 

Khd'ng che n 6 ng do nay bang each phong khdng (hoac dinh ky hoac lien tuc) mdt 
lupng khf tudn hoan. Luong khf phong khdng can tfnh toan dua vao luong khf tro dua vao he 
thd'ng trong khf mdi bang lupng khf tro phong khdng. 

Hidn nay thudng gift ham lupng khf tro trong khf tudn hoan chtrng 8 -s- 12% (tdng CH 4 
va Ar). Nhu vay ddng khf nguyen lieu co thanh phin: 8 -s- 12 % khf tro; 3% NH 2 ; con lai la 
hdn hop H 2 /N 2 vdi ty le 3/1. 

Vd ap su^t: ap suat lam chuydn dich can bang, lam tang tdc dd cua phan ung thuan 
cung nhu giam tdc dd cua phan ting nghich, tao didu kien dd dang cho phan tach NH 3 san 
ph£m khoi ddng khf tu£n hoan; cudng dd san xua't cua thiet bi ldn; hieu ling nhiet low... Han 
chd duy nha't cua ap suat la dau tu cho thiet bi trong day chuyen, miic dd khd khan ddi vdi 
yeu cau cua thiet bi. 

Vi vay tuy tinh hinh kinh td ky thuat cua dat nude dd chon ap suat lam vide. Co mdt 
thdi d nude ta va mdt so nude co hoan canh tuong tu, cho rang nen chon edng nghe 300 at, 
mdt sd' nude tidn tie'n chon ap sua't cd 1000 at, tham chf cao hon. 

Tuy v|y hien nay xu£t phat tir kha nang che' tao xuc tac hoat tfnh cao, co kha nang lam 
vide d nhiet dd tha'p - co Ipi cho ddng luc cua phan ling tdng hop; them nQa kha nang chd tao 
va sir dung loai may nen tudebin lam viec 6 ap suat cao va vdn co hieu suat cao, d£y manh 
xu the tdng hop d ap suat tha'p - cd 10 15 MPa. 

2. Day chuyen edng nghe 

Hinh 9.6 gidi thidu day chuyen edng nghe edng doan tdng hop NH ? d ap suit trung 
binh 30 MPa, nang suat 1360 ta'n/ngay. Khf nguyen lieu tdng hop co ham lupng 0,3% Ar, 
1 % CH 4 , 20 ppm CO, C 0 2 , trdn vdi khf tuSn hoan qua 4 ldp xuc tac cua thap tdng hop NH ? 
(2) - cd bd sung khf lanh trung gian; tidn h<tnh tdng hop b 31,5 MPa, san ph£m khf cd ham 
lupng NH 3 khoang 14 + 16% (NH 3 ), nhiet dd khoang 480 + 530°C, tidn hanh lam lanh 
xud'ng 335°C, va ra khoi thap tdng hop, lam lanh tidp bang nude b thiet bi lam lanh sd (3) ha 
nhiet dd xud'ng 215°C, lam lanh tiep trong thidt bi lam lanh sd' (4) bang khf tudn hoan xudng 
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60 h- 75"C, qua thiet bi lam lanh bang kliOng khi' (5) ha nhidt do xuong 30 40“C; 6 day 
NH, ngimg tu, tach ra khoi khi trong thiet bi phan ly so (6); NH ? san pMm dua vd kho chiia 
sau khi qua mang loc (8) cf ap su.it 2 MPa. 

H6n hop khi sau khi tach NH, con lai 10 u- 12% NHv Qua may nen tukn hoan (7) 
n&ng ap suSt len 31,5 MPa - nhkm bO sung ton that ap suit trdn thiet bi va duong ong. 

Tir may nen (7) khi qua thiet bi truydn nhiet (9), thiet bi lam lanh bang NHy trong he 
may bang (10). ha nhiet d6 xuOng 5 2‘’C, qua thiet bi phan ly dal trong thiet bi iruydn nhiet 

(9) - san phkm long qua giam ap xuong 2 MPa dua vd kho dura ciing san phuim phan ly ttr 
thidt bi sd (6). 

Sau khi trpn v6i khi mdi (h6n hop khi nguyen lieu), khi tuSn hoan co ham Itrqng NIL, 
(chtmg 3%), kill tra (chirng 8 u- 10%), quay trc lai thap t6ng hop NH,, h'tnh lhanh mdt chu 
truth tukn hoan. 

De tach khi tro, trfch mot lucing khi phong khong trong dong klif tukn hoan. 

Khi ph6ng khong qua thiet bj ngung tu phan ly (11). thidt bi 1km lanh bang NH, (12). 
thu hoi NIL, dudi dang san phkm ngung tu. Phkn khi dua vd dung lam nhien lieu, hoac qua 
hk'p phu, thu hdi kht hydro. 



Cung co mot s6 dky chuyen sir dung bp gia nhidt ngoai (1) phuc vu viec nkng nhiet do 
thap tcing hap bang khi nong - khi nay dupe nkng nhiet nhd dot nguydn lieu. 

Cung co nai ditng dien tra dat ngay trong thap tdng hop. 

M6t s6' day chuyen - nhait la day chuydn nang suk'r Idn, dd’ triet dd khu CO, C0 2 con 
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dat them thap metan hoa, thuc hipn phan utig chuyPn CO va C0 2 thanh metan tren xuc tac. 

Cung vdi day chuyPn b ap suPt nky con co cac he nho: 200 On NH-^/ngay, he trung 
binh 600 4 - 900 tPn/ngay. 

Nhung day chuyPn ap su&'t tha'p (10 4 - 15 MPa); nhung day chuyen ap suPt cao (100 
MPa) deu co cPu true tuong tu day chuyPn n^y - dieu khac biet b muc dp lam lanh (dan dPn 
muc dp phuc tap khac nhau b hp thiet bi lam lanh). 

Day chuyPn ap suat tha'p, de phan ly dupe NH-, nhu muc dp a ap sua't trung binh edn 
lam lanh xuPng -20“C la du. Mot vai day chuyPn, die biet b ap sua't cao co thP thuc hipn che 
dp ghep cac thap tdng hop kem vdi hp lam lanh bang nude thanh mot chudi nPi tic'p, thay 
cho he thPng lam vipc tudn hoan. VP quy m 6 san xuPt, cung co nhOng c a s b su dung quy m6 
nho (180 4 - 200 tdn/ngay), dac bipt b nhflng vung xa biPn, vung co nguon nguyen lipu vdi trO 
lupng nho. 

3. Thiet bj trong day chuyen 

Thiet bi quan trong nha't trong day chuyen la thap tdng hop NH S . Thay d 6 i ca'u tao 
thap tdng hop, gdn liPn vdi tim xuc tac mdi la hai hudng dupe coi la nhiPu tien bp nhat trong 
tPng hop NHv 

NhiPu nam gan day, su dung ruthemin nhu mot loai xuc tac mdi nha't; trai qua mpt 
giat doan dai ruthemin qua dat, dan dPn han che mure su dung xiic tac nay. Cho dPn nay do 
gia thanh ha, xuc tac dupe sir dung rPng rai hon. U*u thP' a ch 6 hoat tmh cao nen lupng xuc 
tac dung it, ap suat lam viec thdp, nhipt dp cao, dp ben va tuoi tho dat yfiu cau, nha't la khi 
tim dupe cac chit mang tPt nhu chat mang graphit (hang Kellog); gPm (hang Topsoe). 

Vp thdng s 6 vat ly cua xuc tac. Co gang dung xuc tac co duPng kfnh hat nho nhPm 
giam anh hudng cua khuech tan trong, ve ca'u true IPp xuc tac - cP gang lam lop xuc tac mong 
nhpm giam tdn that ap sua't, song dam bao nap mpt lupng xuc tac toi da tren mpt don vi the 
t(ch. VP cau true thap va day chuyPn - cP glng thu hoi nhipt phan ung dP san sinh hoi nude, 
cung ca'p cho may phat dien, hoac phat lire giam nang lupng tieu hao trong 1 tan san phdm. 

Tren co so nhffng nguyen tac tren, hipn nay chi co cac co so san xuat quy mo nho (cd 
180 ta'n/ngay) con su dung thiet bi truyen nhiet npi bp con deu chuyen sang thiPt bi truyPn 
nhipt trung gian. 

Dong khi di chuyPn tu dang hudng true (thang goc vdi tiet dipn thap) sang hudng ki'nh 
(di tu tim ra hope ngupc lai - theo chieu cua dudng ban kfnh thap). 

Htnh 9.5 gidi thieu cau tao mpt loai thap co thiPt bi truyPn nhipt trung gian, dong khi 
di hudng true, thu hdi nhipt phan ung san xuPt hoi nude. 

Hinh 9.7 gidi thiPu so dp cau tao thap co thiPt bj truyPn nhiPt trung gian, dong khi di 
hudng kinh (thap Topsoe S-200). 
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Hinh 9.7. Thap Topsoe - 200 



Hinh 9.8. Thap Kellog loai n3m 


Hinh 9.8 gioi thieu so d6 cA'u tao cua thiip tdng hop loai nSm (thap ciia hang Kellog). 
Hinh 9.9 gio - i thieu so d6 cau tao thiS't bi lam lanh kem b6 phan phan ly NH> san pham 
cr dang long. 

Ph£n ducti thap la thid't bi tach NH^ long. Phin iren la thiC't bi truyen nhiet giila kht 
tuin hoan va khi da tach NHi. 




Khf luan hoan vao 


Hinh 9.9 

1. nap thiet bi; 2. thanh thiet hi; 
3. thiet bi truyen nhiet; 4. vong 
dem phan tach NH 3 long; 5. ong 
trung tam; 6 ngan chifa NH 3 long 



Khi ttr tu6cbin di vao thip (khi tuin hoan), di ngoai khe ong, sau do dvia sang thiet bi 
lam lanh tiep bang NH 3 bay hoi. 

Sau khi lam lanh xuong - 2°C, khi quay tro Jai qua bo phfln phan ly NH 3 san phSm. 

TbS long tach ra khoi day thap; khi di len theo trong 6ng vp thap tdng hop NH 3 . 

Hinh 9.10 gidi thieu thiet bj lam lanh bing NH : , (so 12 hinh 9.6). Hon hop khf tir thiPt 
bi lam lanh (so 9) qua di vao dan truySn nhiet chir U ha nhiet dp xuong -2"C era v<S thiet bj 
phan ly NH ? (4) trong thiet bi lam lanh (9). 



Hinh 9.10. Thiet bi lam lanh bang NH ; 

1. nSp; 2. dan ong truyen nhiet chif U; 3. ong dan do ap suat trong thiet bj; 4, 5. ong dan noi 
cac thiet bj an toPn; 6, duPng d§n hoi NH 3 ; 7. cda sha chCta; 8. ong do mire long; 9. Png xa 
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Dira NH-* long vao thid't bj, chuy^n thanh pha hoi trong thiet bj va tret ve he thong may 
bang - thu tin nhifit hoa hoi lam lanh khi. 

Tuy vay c6 nhidu co so chon nhtfng thi£t bi co cau tao khac nhu dang dung. Chon thiet 
bi kieu dang nao la tuy difeu ki£n cu the’ va y d6 ciia ngubi thiet k£. Hinh 9.5 gi6i thieu mot 
dang cum lam lanh goi la thap 3 k£t hop. Cung nhu vay, d6'i voi thiet bi lam lanh bang nuoc, 
co dan lam lanh, co loai ong 16ng <5ng, co loai <5ng chum... vdi cha't tai nhiet la nuoc cong 
nghiep, hoac nude m£m d£ tranh cau can. 

Trong day chuy^n san xua't co hai thi£t bi quan trong la may nen h6n hop khi N 2 + H 2 
va may nen tuan hoan (sf> 7 tren hinh 9.6). 

Trubc day dung loai may nen kieu pittong, may tu£n hoan cung vay. Theo vdi su phat 
tri£n cua cong ngh£, hien su dung rpng rai may nen va may nen tuan hoan ki^u tuoebin. 

Thfim nOa - h£ thong dieu khie’n di£u chinh tu d6ng nhim dua qua trinh hoat dong 
trong mien thong so ky thuat toi uu tret thanh nhfmg bien phap quan trong d^ ha gia thanh 
san phim. 

M6t dieu dang luu y la qua trinh tong hop methanol co the thuc hifen tren cung day 
chuyen t6ng hop NHt - thay d6i duy nhaft la di£u ki£n cong nghfe va xuc tac. Vi viy trong 
cac d&y chuy4n quy iu6 16n, ghep nhi£u day chuy£n don vj, ngucti ta tao didu kien co the 
chuyen d6i san pha’m khi nhu ciu thay ddi. 
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Chtfong X 

CONG NGHE CHE TAO AXIT NITRIC 

Axil nitric la mot trong nhung hop chat dupe che tao sdm nhdt, dai thd b quy md cong 
nghiep da trai qua cac phuong phap: 

Axit hoa natri nitrat bang axit sunfuric (trudc nam 1920). 

True tidp tong hop tir nito va oxy (bat ddu nam 1902). 

Cuoi ciing la phuong phap oxy hoa NH 3 xuat hifin d Dtfc tir 1908. 

Cho tdi nay phuong phap nay tro thanh phuong phap chinh dd che tao HNO^ trong quy 
mo cong nghiep. 

75% axit nitric san phdm dupe sir dung lam phan bon, dudi dang ndng dd 50 + 65%; 
phan ldn diing trong phan huy quang photphat chd tao nitrophotphat. Mdt phan dung de che 
tao cac hop chat nitro cacbua thorn (nitro-aromatics) va nitroalkan; phan ldn dung trong 
c6ng nghi&p thud'c nd. Axit con dung trong che tao axit adipic - mot hop chat trung gian 
trong san xu&'t nylon (truemg hop nay dung axit dac). 

Axit nitric la mot loai axit manh, chat oxy hoa manh. 

Trong thuong trudng thudng co hai loai - loai oxit loang co ndng dp HNO-* khoang 42 
-i- 65%; axit dam dac khoang 96,0% 4- 98,5% HNO3. 

Co thd true tidp che tao axit loang, sau dd c6 die; cung co the true tidp chd tao axit dac. 

6 day chi ban den phuong phap che tao HN0 3 tir NH 3 : 

1. Nguyen lidu: khdng kht, NH 3 , khdng co nhOng tap chdt co hai doi vdi xuc lac nhu: 
bui, dau... cac nguyen to hoac hop chdt cua As, Bi, P, Pb, S, Si, Sn la nguydn lifeu cho qua 
trinh chd tao. 

2. Qua trinh chd tao axit loang bao gdm cac bude: 

- Oxy ho4 NH-* tao san pham oxit nito; 

- Oxy hoa oxit nito thanh dioxit nito. 

- Hap thu dioxit nito - phan ung vdi nude tao axit nitric. 

I. CONG NGHfe CHfi TAO AXIT NITRIC LOANG 
A. Qua trinh oxy hod NH 3 

Oxit nito - san phtim cua qu£ trinh oxy hoa NH 3 co thd co nhieu san pham tir hoa trj 
khdng ddn hoa tri 5 (N 2 , N 2 0, NO, N 2 03, N0 2 , N 2 0 5 ). Song co the coi nhung phan urng sau 
la phan ung chmh: 
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1. 4NH 3 (g) + 50 2 (g) ^ 4N0 (g) + 6H 2 0 (g) + 227 (kJ/mol) 

2. 2NH 3 (g) + 20 2 (g) N 2 0 (g) + 3H 2 0 (g) + 276 (kJ/mol) 

’ 3. 4NH 3 (g) + 30 2 (g) 2N 2 (g) + 6H 2 0 (g) + 317 (kJ/mol) 

Mot so phan ting phu khac: 

4. 4NH 3 (g) + 6NO (g) 5N 2 (g) + 6H 2 0 (g) + 451 (kJ/mol) 

Phan ting thudng tien hanh d nhiit dd cao, co phan ting phan huy NH 3 

2NH 3 -*» N 2 + 3H 2 

D6 dam bao thiic day phan umg mdt each chon loc, chuy6n chu yiu NH 3 thanh NO 
theo phan ling (1), bien phap su dung duy nhi't la thuc hiin oxy hoa NH 3 trdn xiic tac. Hien 
Pt duac dung rdng rai trong edng nghidp. 

Thanh phdn chfnh cua xuc tic Pt la Pt, ngoai ra con pha th£m Pd va Rh nhdm ndng cao 
thfem hoat tfnh va circmg dd xuc tac. Thudng kdo bach kirn dang sqi co dudng kfnh 0,04 + 
0,09 mm d£t thanh ludi, hoic ddt thtinh 16 hinh thoi - nhim tang cubng dd chiu keo cua ludi 
6 nhifet dd cao - cac nude phuong T&y thudng dung loai nay. 

Loai ludi mdi chi tao, nhin bdng, hoat ti'nh kem - edn qua giai doan hoat hoa - co thi 
thuc hidn hoat hoa Pt ngay trong thife't bi phan ling bdng each hoat hoa trdn ngon Lura hydro, 
cung co the hoat hoa bang ngon lira c6n - ludi Pt qua hoat hoa mat mau sang kim loai song 
hoat ti'nh tang rit nhanh. Sau do thuc hien phan ling oxy hoa a 900°C. 

Trin xuc tac Pt, phan ling co ban la 3 phan ling diu. 6 nhidt dd 900°C hdng s6' can 
bing cua cac phan ling trfen co gia tri nhu sau: 

_4 6 

, _ Pno-Ph 2 o 

1 " T 4 

Pnh 3 Po 2 
2 6 

. _ Pno-Ph 2 o 

k2_ ^- 7 “ 

Pnh 3 -Po 2 
2 6 

|. Pn 2 -Ph 2 0 
Pnh 3 Po 2 

Nhu viy 3 phan urng nay deu la phan ling mdt chiiu va co thi thiy nfi'u thdi gian phan 
ling du dai, san phdm cud'i cung cua hi phan ling se la N 2 . 

Pt thuc day mdt edeh chon loc phan ling (1). 

Vi co chi cua phan ling nay tr6n xuc tac Pt, ndm 1934 Bodenstein va ndm 1959 
Akrause dua ra co chi: oxy va NH 3 bi hip phu trin trung tdm hoat ti'nh, phan ung vdi nhau 
thdnh hydroxyl amin bi hip phu, san phim hip phu tao thanh phan ling tiep vdi oxy tao 
HN0 2 va sau dd phin huy thanh san phdm cu6i ciing: 


= 10 ” 
= 10‘ 61 
= 10- 67 
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NH 2 OH h * pphg + 0 2 — HN0 2 + H 2 0 

4HN0 2 -► 4NO + 2H 2 0 + 0 2 

H£u hit cac qua trinh nghiSn cuu tinh to£n deu thira nhan, phan ling xuc tac he khi - 
ran nay nam trong midn khdng ch6 cua khuich tan ngoai. Tdc dd cua qua trinh khuech tan 
NH-, din be mat xuc tac cham, quyit dinh tdc dd cua ca qua trinh phan ling. Nhu vay hoan 
toan co the dua vao phuong trinh truydn chit: 


dPNH-t 

di 


- k NH 3 g- 




(kmol/gid.m 2 ) 


trong do p j(g) : ap suit ring phan cac ca'u tir trong pha hoi va p s (tren be mat). Trong truong 
hop phan ling mot chieu nay p NH ^ = 0 

k NHu; : he s6 cap khdi cua NH 3 qua mang tro luc pha khi. 

Tinh todn thong qua chudn s6 J D cua chuy^n khdi va J H cua truyen nhiet: 

= Jh 

Kit qua tinh todn rdi phh hop vdi thuc te san xudt. 

Cung co th£ tinh theo mot loai c6ng thuc kinh nghiem. 

Vi dy JI. Anen6ayM gidi thieu phircmg trinh ip dung cho midn nhidt dd 800 -r 900 l ’C: 

lg % = 0,951 ~ • [0,45 + 0,288(V (> d) (1 ' 56 ] 

C V 0 .d 

trong do C 0 , C - chi n6ng dd NH 3 trong khi nguydn liiu va san ph<tm (%); 

S - dien tfch ring (cm 2 /cm 2 ); 
n - so lap ludi xuc tac; 
d - dudng kinh sqi xuc tac (cm); 

V„ - tdc dd luu luqng dong khi nguyfin lidu (//cm 2 .h). 

Nhu vay gia tri (C 0 - C)/C„ chfnh bang a NH;? : hidu sua't oxy hod NH 3 thanh NO va 

N 2 ; trong truong hop bo qua phan ling phan huy NH 3 thanh nito (3) c6 thd coi day chinh 
bang hidu sua't chuy^n hoa cua NH 3 . 

B. W. ATpomeHKO gidi thidu phuong trinh ddng hoc trong diu kidn ap sua't 0,1 + 3,1 
MPa; nhiet dd 850 -r 1010°C; ty Id NH,/0 2 = 1,8 + 2,0. 

d PNH a _ ^ PNHj ~PNH 3 max 

d* Pno 

pi - ap sua't ring phdn cac cdu tir; 
x - thdi gian tip xuc (s); 
k - hang s6 tdc dd phan ling (s -1 ). 
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Dang ti'ch phin cua phuong trinh tren nhu sau: 


k = 


l 


a i n a ^ ax 
411 


-a 


^max 


a max~ a 


a - hieu suit chuydn hoa NH 3 thanh NO; 
a max ’ hi£u sua't chuydn hoa cue dai. 

Gia tri a max 6 mot nhiet do, ap sua't nha't dinh ti'nh theo cOng thuc: 

n _ o QT'0,4(ip-0,O2 
u nux — ■ 1 r 


Sd' ldp xuc tac phu thude vao ip sua't, thucmg ti'nh trdn cOng thiic vdri quan he kinh 
nghiem sau: 


n = 1,43+ 1,57P 

P - ti'nh bang MPa; 

T - tlnh bang °K. 


Hang sd td'c dd phan trng ti'nh theo phuong trinh Arhenius: 

k _ A e I400.30/RT 


trong do: 


A = 9,10 5 .e~ 0,0l5p2 - 3,7.10*P + 7.8.10 5 


Trong edng nghiep, qua trinh oxy hod NH 3 c£n quan tam khd'ng che nhung didu kien 
phan ung sau: 

Nhiet do phan ting: Thuc ra sau hoat hoa, xuc tac Pt bat diu co hoat ti'nh doi vdi phan 
urng oxy hoa NH 3 tir 145°C; nhiet do tang cao td'c dd phan ting tang d£n 750 + 900°C - hau 
nhu toan bd NH 3 da bi oxy hoa; thdi gian tie'p xuc c3 1,1.10” 4 sec. Hieu ung nhiet quye't dinh 
nhiet phan ung, thudng tang ndng dd NH 3 trong khi nguydn li£u l6n 1%, nhiet do viing phan 


ling tang 70 C - xac dinh nhiet dd vimg phan 
them nura tang nhiet do co nghla tang ndng 
dd NH 3 , co nguy cd roi vao gidi han nd. 

Phan ung mdt chieu nay khdng co 
nhiet dd td'i uu, xet ve tdc dd phan ung. 

Trong cong nghiep thucmg giO d 870 
-r 900°C, ung voi ndng dd NH 3 ducri 12%. 

Tang dp suat, vdi nhung bude phan 
ung ke ti£p la co loi, thiet bi gon, giam ddu 
tu. Song vdi phan ung oxy hoa NH 3 ap sua't 
lam giam td'c dd phan urng, tang tdn that 
bach kim. 

d ap sua't thudng cudng dp san xuSt 
dat 1500 kg NH^/kg xuc tac x 24 gid. 


ung tren co so tranh nhiet dd cao, tdn that Pt; 



0,75 0,84 0,95 1,10 1,29 1,54 1,89 2,45 

Ty IS 0 2 /NH 3 

Hinh 10.1 
1. he kho; 2. hd am 
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d ap suit 0,9 MPa cudng dp san xuit dat 10000 kg NH 3 /kg xuc tac x 24 gid. 

Vi viy hien nay song song t6n tai ba hd: He oxy hoa d ap suit thudng; he oxy hoa 6 
ap suat trung binh (0,3 + 0,5 MPa) va he ap suit cao (0,7 + 0,9 MPa). 

Van de lhanh phdn khi nguyen lieu: 

Thong thudng tten hanh oxy hoi NH 3 trong he NH 3 - khong khf theo he s 6 ty luong, 
ty le 0 2 /NH 3 = 1,25, vide du oxy se day manh td'c dd phan ting song thirc te' cho thiy, khi ty 
le dudi 1,7 hidu suit oxy hoa giam, td't nha't vao khoang 1,7 + 2; nghla la n6ng do NH 3 tuong 
urng vao khoang 9,5 + 11,5%, khdng vupt qua 12% (hinh 10.1). 

Nong d6 cao kh6ng chi anh hudng den nhiet dd viing phan dng ma con nguy hi£m roi 
vao miPn gidi han no cua he NH 3 - khdng khf (hinh 10.2) 

Vi'n dl tdc do luu luong cua dong khi then gian dimg cua dong khi tren vhng xuc tac 
anh hudng tdi hidu suit chuyen hoa qua nhung phan ung phu. 

TPc do luu luong thip, thdi gian dimg cua NH 3 tren xuc tac dai, de phan huy thanh 
nito; ngupc lai thofi gian dimg qua ngin, NH 3 chua phan irng se trupt qua ludi Pt, phan ung 
vdi san phim NO tao nito. 


Vi vay viec tinh thdi gian phan 
urng, qua do xac dinh tdc do luu luong 
mdt each chinh xac (ung vdi th£ tfch 
vung xuc tac V R nhit dinh) la cin thife't. 
Thong thudng, trudng hop oxy hoi d ap 
suit thudng, vin td'c cua ddng khi qua 
ludi d mue 0,3 m/s. d ip suit cao, nhiet 
dd phan ung cao hon, kha ning phin huy 
nhiet cua NH 3 cao hon, vi viy thudng 
giQ tdc dd nay cao hon d ap suit thudng. 

Van de bao ve xuc tdc : xuc tac 
PtRh d£ bi ngd ddc bdi cac hop chit cua 
S, P, As 2 0 3 ... Tuy viy trong ddng khf 
nguyen lieu ft cac tap chit nay. Trong 
qui trinh san xuit thudng co tap chit co 
hoc ling dong tren xuc tac, cung co the 
co ft nhi£u tap chit co hai nen hidu suit 
chuye’n hoa co khuynh hudng giam din. 
Tdi khi hidu suit xud'ng dudi 95% 
thudng mang tai sinh xuc tac bang each 
thao rua... hoat hoi trd lai. 



14 16 18 20 22 24 26 28 30 

Ap suat 1 at; n6ng <J6 NH 3 (% th£ tfch) 


Hinh 10.2. Gidi han nd cua he 
1. NH 3 khong khi kho; 2. NHj - khong khi - hdi nude 
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Cung do thudng xuyen lam viec d nhiet dd cao, mdt phan - tuy rat nho Pt chuyfin 
thanh oxii Pt0 2 de bay hoi, gay tdn that xuc tac, Rh cung vay: Rh 2 0 2 thien di (ren be mat 
xuc tac song ft bay hoi hcfn nhi6u. 

Tac dong ciia dong kin' cung gay tdn that Pt. Khi ludi Pt giam trong iirong 15%, can 
thay the, Htiu het c;ic nude d6u quan lam ddh viec thu hdi Prong Pt nay. Thudng diing cac 
bien phap thu h6i sau day: 

Phuong phap loc bang cac tam loc (Zn0 2 , Al 2 0-j, silicage!...) day 20 -r 30 mm. 

Phirong phap O.S.W diing CaO hap phu Pt0 2 d 600 l ’C hinh thanh xCaO yPt0 2 Den 
mot thdi gian, tach CaO bang HNOj, con lai Pt. 

Trong nhung nam gin day dung nhieu loai ludi dac biet de thu h6i Pt, vf du Cong ty 
Degusa diing ludi Pd-Au (0.09 -r 0,18 mm), del dat dudi ludi Pt Ufa viec 6 nhiet do 750 
850"C. 

Cung nhtr vay. edng ty Engelhard thu hoi dira vao phan ung: 

Pt0 2 + Pd —>■ Pt-Pd + 0 2 

Noi chung, hieu .sua't thu hoi Pt tang theo ham Iirong Pd trong ludi thu hdi, song cudng 
do ca hoc giam. Cung co noi diing Ni-Cu, nhurng kim loai re tien hon tliay the vang, dd ben 
co hoc tang len, co the thu h6i den 85 a- 90% Pt bay hoi. Mdi dSy nhat la diing ludi thu hdi 
det bang cac soi niken hoac nikencrom ngoai nta mdt ldp Pd co d6 day khac nhau, theo mat 
cat nhu hinh 10.3. 

Tuy Pt lit mot loai xiic tac tot, duqc sir 
dung rung rai song do qua dat lai hie'm cho 
nett cac nude ddu co gang tim loai xijc tac 
khong phai Pi de thay the' hoac mot phdn, 
hoac hoan toan Pt. 

Khoang nhung nam 50 ciia the ky 
trude, nhiSu nude sir dung xuc tac goc Pe-Bi 
thay the mot phiin xuc tac Pt, hinh thanh 
mot ldp xuc tac thd 2 - khong phai Pt, dat 
dudi ldp thu nha't - xuc tac Pt, lam viec d 
nhiet do 780^’C co thd dat mire chuyen hoa cudi cung la 90%. 

G5n cudi the ky 20, mot so nude sir dung xuc tac goc Co 2 0 4 , lam vice d nhiet do 
700"C, tdc dd khong gian 5.10 4 gid ndng do NH ? khoang 10%, 

Tuy chua duoc sir dung tong rai, song nghien cifu mot loai xiic tac khdng phai Pt - 
thtrong la oxii kim loai chuyOn tiep van la mot van dd mang u'nh thdi su cho edng nghe 
HNO :v 


7 ///////////////////// ay /// a ^ Xuc tac 
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B. Qua trinh oxy hoa oxit nitd - NO 

Sau qua trinh oxy hoa NH-, trdn xuc tac, khf san pha’m bao g6m hoi nude vd NO, can 
oxy hoa NO hinh thanh oxit nito co hoa tri cao hon. Thudng tidn hanh cac phan ting: 

2NO + O 2 —2N0 2 112,7 kJ 

NO + N0 2 N 2 0^ 40,2 kJ 

2N0 2 -► N 2 0 4 56,9 kJ 

N 2 0 4 + 0-, ^ N 2 0 5 + o 2 


Phan ting sau cung nay thuemg chi tid'n hanh 6 tip suit cao. Trong nhting phan ting 
trdn, phan ung cct ban trong c6ng nghe chd tao HNO^ Id phan ung: 

2NO + 0 2 ^ 2N0 2 

Phan ting nay la phan ting trong h6 d6ng nhtit khf, hai chidu vti toa nhiet. 

Ve mat can blng cua phan ting: 

Hang sd can bing cua phan ung tfnh theo: 


lgK p = lg 


NnoPo 2 

Nno 2 


5749 

T 


1,75 llgT-0,0005T +2,839 


Nd'u goi n6ng d6 ban dtiu cua NO la: 2a (% mol); 
n6ng d6 ban dtiu cua 0 2 la: b (% mol); 
hifeu suit chuydn hoa theo NO la: x (%); 



Hinh 10.4 cho thdy quan hd giCra hidu suit chuydn hod theo NO va ap suat (0,1; 0,8 
MPa), vdi nhidt d6 phan ung, 6 n6ng d6 ban dtiu cua dong khf nguydn lieu la 9,92% NO va 
5,68% 0 2 . 

Theo hinh ntiy, dti d 0,1 hay 0,8 MPa. dudi 200°C phan ting theo chidu thudn la co 
ban, hidu suit chuydn hod NO co thd coi nhu dat 100%. 

Nguoc lai trdn 700°C, phan ting theo chidu nghich la co ban. 
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Nhu vay neu sau oxy hoa Nkri qua lam lanh lach li 2 0 vcn mot toe do riu cao khoi he 
(nham giam do hoa tan cua N0 2 trong nude ngurng hmh thanh HNOO> xutfng nhict do thap 
duai 200°C, thi phan irng oxy hoa NO thanh NO$ lap the sc xay ra trong m6i khoang khong 
gian nr do co the co trong dily chuyin (dirdng ong, van...), 

Vi m(tt toe do phan ting co \h& tinh toe 66 phan ting thee plurong trinh dong hoc: 


d PNO, 

di 


- k 


i ■ Pno Po 2 


Co the tra hang s6 toe do phan ting tti cac so lieu sau (trong do thdi gian. tmh bang s): 


Nhi&t dp, °C 

0 

30 

60 

100 

140 

200 

240 

300 

340 

k o 

69,3 

42,8 

29,2 

19,6 

13,5 

8,71 

6,83 

5,13 

4,34 

k v (%).10 4 

6,93 

4,28 

2.92 

1,96 

1,35 

0,872 

0,683 

0,513 

0,434 


6 0,1 MPa 

Thay the ndng do NO (2a); oxy (b): ap suat (P); hieu suat chuyen hoa tinh theo NO 
(X). thoi gian phan ting ( 1 ) dirac dang tleh phan cua plurong trinh tren nhir sau; 


kp.x.P- - 


(b-a) 2 


(b-a)x 
(1 - x)a 


+ In 


1 — x 

1 - - x 
b 


Dira vao plurong trinh nay, V. A. Karjavin da lap mot loan d6 giup cho viec tmh toan 
duoc nhanh chong (hinh 10,5). True tung cua loan d6 la hieu suat chuydn hoa tinh theo NO, 
true hoanh la gia tri k p .a 2 .P 2 .T, ling v<Si cac ty )e khac rthau b/a = y. 
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Biet a, b, P, vdi mot nhiet dd nha't dinh, co the xac dinh gia tri cua Bep, tir do tj'nh 
duoc thdi gian cin thitit d«? dat mdt hifiu sua't oxy hoa NO nha't djnh vdi quan he: 


k.a .t = 


a 


1 


In 


y(I-a) 


(y-l)(l-a) (y + 1) 2 (y-a) 


Nhu vay ro rang td'c dd phan ting ty 16 thuan vdi binh phirong cua ap suit. Ap sua't 
khdng nhting lam tang hieu sua't chuyen hoa can bang ma con lam tang td'c do cua phan ting 
hoa hoc trong h£ dong nha't nay. 

Phan ting nay co dac didm hoan toan khac vdi cac phan ting thong thudng; nhiel dd 
cang giam tdc do phan ting cang tang. 

Nhilu gia thiet dua ra d6 giai thfch co ch£ phan ting ba phan tir nay, nham giai thfch 
anh hudng dac bifet nay cua nhidt dd tdi tdc do phan ting. Song noi chung chting cti d£u chua 
co tinh thuyet phuc. 

Vf du chuydn phan ting ba phan tti thanh 2 budc, mdi budc la mbt phan ting hai phan 
tti, co di£u la chi co mot kha nang cho phan ting nay, ma khdng phai la ddng kha nang gitia 
cac phan tti: 

NO + 0 2 = NO,0 2 

Phan ting hai phan tir hinh thanh hop chtft trung gian khdng 6n dinh: 

N0.0 2 + NO = 2NO z 

Hop cha't hai phan tti Lai phan ting vdi phan ting tach ba, budc tao thanh N0 2 la budc 
quyd't dinh tdc do ca qua trinh phan ting. 

Trong cdng nghiep khdng dat van d£ quan tarn ddn anh hudng cua nong dd NO va oxy 
dd'i vdi td'c dd phan ting vi ndng dd n&y phu thudc vao ddng khf vao cdng doan oxy hoa NH 3 
- mdt ddng khf ma thanh phan khdng the bidn ddng duoc. Cung co noi sir dung khdng khf 
giau oxy - song anh hudng khdng nhi6u. 

Phan ting nay la mot phan ting dd nhdn bdng cam quan vi N0 2 mang mau vang, NO 
khong mau. 

Khi ha thdp nhidt dd se co nhting phan ting phu sau: 

Phan ting trung hop: 2N0 2 ^ N 2 0 4 + 56,9 kJ 

Day cung la phan ting hai chieu, tinh hang sd' can bang theo: 

lgK„ = lg PN ° 2 - =-^- + l,751gT + 0,00484T - 7,144.10 fi T 2 - 3,062 
Pn 2 o 4 T 

Nhting sd' lidu vd hidu sua't trilng hop N0 2 , x thay d6i theo nhidt dd cho thay: 


NhiSt (36, °C 

-20 

-10 

0 

+10 

30 

70 

100 

150 

200 

x % 

92 

91 

89 

87 

77,84 

38,01 

12,52 

1,35 

0,04 
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Tdc do phan umg bic 2 theo n6ng d6 N0 2 : 

dp NjO, _ 2 

~dT - " k ' PN0 * 

T6c d6 phan ting nay tuong dOi Ion, hoan thanh trong thdi gian c5 10 1 giay. Noi 
chung, khi nhiit do cua he ha xuting dutii 200°C khi phan ting oxy hoa NO thanh N0 2 dal 
tdi can bang, phan ting trung hdp N0 2 thanh N 2 0 4 bit diu tiftn hanh vdi t6c do dang k£, 6 ap 
suit thuang n£u nhiet do ha xuOng 25°C - trong vong 10 -4 s, phan ting dat trang thai can 
bang. 

Cung co phan ting sau: NO + N0 2 = N 2 0 3 + 40,2 kJ 

Day cung li phan ting hai chieu, 6 nhiet do 3,5°C N 2 0 3 ngimg tu thanh th£ long va 
-103°C dong rin. 

T6c do phan ting la ham bic 1 cua NO va N0 2 

^Pn 2 o, , 

--K-PNO- PN0 2 

6 nhiet do thuctng, trong vong phin mufti cua giay, phan ting dat trang thai can bing. 

Trong dieu kien phan ting, khdng tao thanh N 2 0 5 , chi khi co ozon (0 3 ) mdi xay ra 
phan ting: 

n 2 o 4 + 0 3 — N 2 O s + 0 2 

Trong he khi, t6n tai NO de xay ra phan ting: 

N 2 O s + NO = 3N0 2 


C. Phan iimg che tao axit nitric loang 

Trong c6ng nghifep che tao axit nitric loang, sau qua trinh oxy hoa oxit nito trong 
he - oxit nita vi khOng khi du sau phan ting, dtla h6n hop khi qua thap hip thu, thuc hi6n 
phan ting gitia oxit nito vtii nude: 

2N0 2 + H 2 0 = HN0 3 + HN0 2 + 116,1 kJ 

N 2 0 4 + H 2 0 = HN0 3 + HN0 2 + 59,2 kJ 

N 2 O 3 + H 2 0 = 2HN0 3 + 55,4 kJ 

Phan ting chu yeti la phan ting gitia N0 2 , N 2 0 4 vdi nutic. San phim cua phan ting la 

HNO-, va HN0 2 vdi ty 16 1 : 1. 

HN0 2 la m6t hop chit khOng On dinh, lip ttic phan huy theo phan ting: 

3HN0 2 = HN0 3 + 2NO + H 2 0 -75,87 kJ 

Vi viy co th£ coi phan ting tOng quit trong qua trinh hip thu nhu sau: 

3N0 2 + H 2 0 = 2HN0 3 + NO + 136,2 kJ 
va 3N 2 0 3 + H 2 0 = 2HN0 3 + 4NO 

Phan ting thti nhit la phan ting co ban trong hip thu. 

Diy la phan ting c6 mOt s<5 net die biet. 


160 



Trudc h6t day la mdt phan ting toa ra mdt lugng nhi6t tucmg ddi ldn, hai chidu. 

N6'u vi6't hang sd can bang cua phan ting diroi dang: 

v _ Pno-Phno ? 

K P “ 3 

Pno 2 -Ph 2 o 

hoac K, = ^ NO , ty 16 ap sua't ri6ng phdn cua NO va N0 2 trong pha khi b trang thai can 
Pno 2 

bang ha'p thu; 

p HKin 

K 2 =-- , ty 16 ap sua't ri6ng ph^n cua hcti bao hoa HN0 2 vdi H 2 0; 

Ph 2 o 

thi K p = K,.K 2 

Gia tri cua K] trong mi£n nhi6t dd khac nhau (15 4- 35°C) tmh theo: 
lgK, = 8,921-0,1114C (dl5°C) 

lgK, = 8,561-0,1114C (a 25°C) 

lgK, = 8.1137-0,1114C (d 30°C) 

lgK, = 7,957 - 0,1114C (a 35“C) 

Trong do C: n6ng dd cua HNO-, tfnh theo % khoi lirang. 

Co th£ tham khao cac gia tri cua hang s 6 can bang K, thay ddi theo nhi6t do va ndng 
dd axit nitric b trang thai can b£ng tr6n hinh 10.6. 

Hinh 10.7 cho phep xac djnh ndng dd axit nitric b trang thai can b&ng thay doi theo ham 
lugng NO va N0 2 trong pha khi cung hi6u suit oxy ho5 NO b ap sudt va nhiet dd thudng. 

Qua nhiing sd' lieu ca ban tr6n co th6 rut ra mdy nh4n xet: 

- Phan ting hap thu, cti 3 phdn tu N0 2 ha'p thu hinh thanh 2 phan tu NO nhu vdy hi6u 
suat chuydn N0 2 thanh HN0 2 - hi6u sua't ha'p thu cue dai dat tr6n 66%. 

Qua trinh hdp thu tao ra NO trong h6 NO - khdng khi' du; phan ting oxy hoa NO vita 
hinh thanh, tien hanh song song vdi phan ting ha'p thu. Hoac thuc ra n6'u di vao ha'p thu: 
1 mol NO thi thuc t6' edn oxy hoa 1,5 mol NO. Hieu sua't hap thu tang theo lugng NO vira 
hinh thanh, dugc tidn hanh oxy hoa trong h4p thu. 

Theo phan ting hoa hoc tr6n, didu kien tdt cho ha'p thu la ap sua't cao - ap suat cao co 
lgi cho phan ting oxy hoa NO va ca qua trinh ha'p thu hoa hoc; nhi6t dd thdp - nhiet dd tha'p 
co lgi khdng chi cho h2p thu hoa hoc ma con cd lgi cho phan ting oxy hod ox it nitd, b day 
khdng cd giori han cua cue tri. 

Q ddy co hai phan ting tidn hanh song song, ddu quy6t dinh d6n hi6u suSt va tdc dd 
qua trinh ha'p thu. Thuc ra qua trinh oxy hod NO tr6 thdnh y£u td khdng chd trong bude ha'p 
thu nay - dac biet trong trucmg hgp ndng dd NO tha'p din trong qua trinh phan ting. 
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Hinh 10.7. Toan d 6 cho phep xac djnh n 6 ng do 
HNO 3 can bang la ham cua ham luong N0 2 , NO 
trong pha khi ciing hieu suat oxy hoa NO a ap 
stiS't chudng. nhiec dd 25°C 

Trong thiet kfi', giua phan irng hd khdng d 6 ng nha't va phan irng he dAng nha't, cdn tim 
nhfmg phirong in dung hoa giifa nhu c4u tang difin tich tifi'p xuc pha (cua hap thii) va nhu 
cdu tang thfi tfch tu do (cua oxy hoa NO). Thuong tmh thdi gian tiep xuc thco phan irng 
cham nha't - phan irng oxy hoa 1,5 mo) NO so voi 1 mo) vao I 16 ha'p thu. 

Khi do ti'nh toe d 6 qua trinh theo phuong trlnh trong do thay vi dung y = b/a, ta dung 
y = b/1.5a. 

Vi du n£u a 30'’C, thanh phin khi nhu sau: 9,8% NO va 9,4% 0 2 - 
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Khi dd mud'n dat hifiu suit 95%, chuydn phucmg trinh vd dang ham cua y va hidu suit 
chuydn hoa a. 

Ta co: 

T= _ a + 2,3 lg Y(l-a) 

k p -a 2 .(y -l).(l-a) (y-1) 2 Y~a 

thdi gian tuong timg x = 460 s. 

- Vin dd nong dd HN0 3 san phim 

Trong qua trinh hip thu, ludn tdn tai m6i can bang thd hi6n 6 hang so can bang k) va 
k 2 . Hang s6 nay khdng chi thay ddi theo nhidt dd, ma c6n thay d6i theo n6ng dd axit nitric d 
trang thai can bang. Ham luong NO va N0 2 giO mdt ty 16 xac dinh. Tdng ham luong cung 
viy - bi gidi han bdi n6ng dd NH 3 trong giai doan trdn. Tir hinh 10.7 co thd tha'y: ndu lam 
vide theo cdng nghd oxy hoa NH 3 trong h6 NH 3 - kh6ng khi, sau do ha'p thu, khdng the dat 
n6ng dd axit san phim qua 60%. Trong c6ng nghidp thudng chi dat axit san phim co ndng 
dd 46% va ndng dd nay thay d6i nhidu theo nhifit dd m6i trudng. San luong ngay he, ngay 
ddng co thd chenh nhau den vai phin tram. 

D. Day chuyen cdng nghe 

Trong cfing nghidp, dua vao ap suit cua day chuyen san xuit dd phan loai cdng nghd. 

Co c6ng ngh6 ip suit thudng (0,1 + 0,2 MPa) vi cdng nghfi ap su^it cao (0,8 * 1,3 
MPa); ca qui trinh oxy hoa NH 3 din qua trinh hip thu cung tififn hanh trdn mdt ap suit. C6 
qua trinh cdng nghd 2 ap suit: oxy hoi amoniac d ap suit binh thudng, cdn oxy hoi NO vi 
hip thu san xuit HN0 3 tidn hanh d ip suit cao; cdn goi la qua trinh lidn hop. 

Qui trinh oxy hoa d ap suit cao thudng chi phi diu tu cho thidt bi thip, song chi phi 
san xuit ldn do tdn thit nhidu Pt, hidu suit chuyen hoi NH 3 thip, hifiu suit thu hdi nhidt thip. 


Chon phuong an nio, didu do phu thudc vao didu kidn m&i nude. Song bang thd'ng kfe 
dudi diy cung cip mdt sd sd' lifiu dd so sanh. 


Thfing si 

Don vj 

M6t ap suit 

Ap suit trung binh * 

Mdt ap suit 

Ap suit cao * 

Hai ap suit 
lidn hop 

Ap suit 

MPa 

0,5/0,5 

1,0/1,0 

KM 

Djnh mtfc tifeu hao NH 3 

kg/tin 

283 

288 

282 

N0 2 thii (tfnh ra NH 3 ) 

kg/tin 

0,5 

- 

~ 

Tdn thit Pt (cd thu hdi) 

mg/tin 

60 

130 

60 

Tidu hao ning luong 

kWh 

8,5 

8 


Hoi nude tu sin 

t/t 

0,6 

0,4 


NO, trong khi thai 

ppm 




Suit diu tu (lay ip suit cao lim chuin) 

% 

120 

100 



* Ap suit oxy hoi NII,/hip thu. 
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Hifen nay cdng nghfe chfe tao axit nitric phat trien theo nhtrng khuynh hudng sau: 

1. Vfe ap suit co khuynh hudng ning ip suit tir ap suit thucfng Ifen ao suit cao. 

2. Vfe quy m6 cua mdt day chuyfen tang din - Hifen d mure 2000 tin HNO^/ngay. 

3. Tim bifen phap thu h6i nhifet ning mdt each co hifeu qua nhit. 

4. Trong che tao axit nitric dam dac - chuyfen dung phueng phap che tao true tifep tir 
tdng hap N 2 0 4 . 

5. Difeu khifen tu ddng hoa qua trinh san xuat. 

6. Ngoai c6ng nghfe phd bifen trfen, cdng nghfe true tife'p tdng hop nita - oxy trong khdng 
khi van dang dupe diu tir nghifen curu - nhit la umg dung c6ng nghfe Plasma trong tdng hop. 

A. Ve ddy chuyen cdng nghe 

Day chuyen cdng nghfe ap suit thuong (0,15 MPa), oxy hoa NH^, NO va hap thu deu 
tifen hanh d ip suit thudng (hinh 10.8). 

Khdng khi qua thap rua ling bui 1, a day phun nude tach bui; qua tach giot 2, hdn hop 
vdi NH 3 qua may quat khi 3; thife't bi loc bing cac dng loc gia'y 4; 16 oxy hoa 5; n6i 6 , san 
xuit hoi nude 40 at; thifet bi lam lanh cao toe 7; nhifet dd cua hfe xudng khoang 100°C - nude 
ngung tu hoa tan mdt ph£n N0 2 , hinh thanh axit 3%; qua thifet bi lam lanh 8 , ha xudng nhifet 
dd thudng dfe ngung tu phdn nho hoi nude con lai, d day hinh thanh axit - 30% qua quat 9; 
qua 6 thap hip thu loai dfem, thap thti nhit coi nhu thap danh cho phan ung oxy hoa tifep NO 
va N0 2 , thap thti II cho axit san phim; axit loang va nude ngung phun vao thap VI, chuyfen 
din vfe thap I qua bom cua timg thap. 

Dfe tach nhifet phan umg - m6i thip dfeu co thifet bi lam lanh axit tuin hoan bang thife't bi 
13 (lam lanh bang nude). 

Sau khi hip thu, khf thai qua thap oxy hoa NO tifep VII cudi ciing qua thip VIII, IX, 
dung kifem dfe hip thu khi' thai (hoic dung dich NaOH hoac dung dich Na 2 CO v 

- Diy chuyfen cdng nghfe ip suit cao (0,8 MPa) (hinh 10.9). 

Khdng khf qua thip tach bui bang nude (1); loc tay ao (3); Miy nen tudebin (5) ning 
ap suit lfen 0,8 MPa; mang loc (12) trdn vdi NH 2 6 dng trdn (10); NH 3 long dupe gia nhifet 
chuyfen sang dangkhf a thifet bj bde hoi (20); ming loc (19); dng trdn (18); 16 oxy hoa (17); 
n6i hoi (16) san sinh hoi nude 40 at qua lim lanh (13); thifet bi phan ly (14); loc (15); vao 
thap ha'p thu sd (10); khf thai qua phin ly (11); vdi phun tao ap sua't tifep sure (9) bing hoi 
nude, thu h6i ning lupng (4) sau dd phong khdng vao khdng khf. 

6 day sir dung mdt tudebin khf; khf thai tir 0,8 MPa giam xud'ng 0,1 MPa trude khi 
phong khdng. Ning lupng thu hdi dupe, gdp phin cung ddng ca (7), quay miy nen khdng 
khf. 
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Nude ngirng qua may nen (2), bom I6n dinh thap ha'p thu (10) loai chop. Thuc hien 
phan ung hip thu; thap c6 thieft bi lam lanh trin mdi dla; axit san pham duqc tach ra til day 
thap. 

Day chuy6n lien hop (hinh 10.10) - Qua truth oxy hoa tie'n hinh d ap suit thudng, hap 
thu d 0,35 MPa. 

V6 co ban phan oxy hoa NH-, cua day chuy6n tuong tu day chuyen (10.8) phin oxy 
hoa NO va hip thu tuong tu he cao ap (10.9); cung sir dung may tubcbin thu h6i nang luqng 
tir khi thai. 

B. Ve thiet bi 

Hinh 10.11 gidri thieu ciu tao 16 oxy hoa NH 3 d 0,8 MPa. 

Hinh 10.12 gidi thieu ciu tao mdt loai thap ha'p thu ki6u dla 16 lam vide 6 0,35 MPa; 
day chuyen lien hop, dla 16, co lam lanh tr6n timg dla. 

Hien nay tr6n the' gicri c6 m6t s6 day chuy6n san xuit axit nitric loang dien hinh nhu 

sau: 

Day chuyen Uhde ap sua't trung binh, nang sua't cho 1 don vi day chuyen c5 200 
tin/ngay - 250 tin/ngay; lam viec 6 ap sua't 0,4 + 0,5 MPa, n6ng d6 axit san phim khoang 
68% HN0 3 ; ham luqng NO x trong khi thai: 200 ppmv; qua xuc tac phan huy phan c6n lai 
trude khi xa vao m6i trubng. Hang Uhde cung co nhiing day chuyen ap suat cao 0,8 + 1 MPa 
loai don va loai lien hop: oxy hod NH 3 6 0,5 MPa va hip thu d 1 -s- 1,4 MPa. 

Day chuy6n Grand Paroisse lien hop - oxy hoa NH 3 6 0,35 -4- 0,6 MPa va hip thu 6 
1,0 + 1,5 MPa, nang suit 900 tin/ngay; n6ng d6 N0 2 trong khi thai: 200 ppmv, nong dd axit 
nitric: 68%. 

Hang niy cung xay dung day chuyen 1200 tin/ngay 6 Th6 NhT Ky; cung co day 
chuyen don ap suit 0,5 -4- 1 MPa. 

Vien GIAP (Nga) xiy dung hang tram diy chuydn ip suit cao, don (0,7 MPa); hip thu 
trong m6t thap cao 44 m; dung may nen khi ki6u tudebin; khi thai qua xtic tac phan huy oxit 
nito sau d6 nang nhiet dd len 700°C, thu h6i nang luqng h6 trq cho may nen tubcbin. 

N6ng dd axit san phim: 68%. 

Day chuy6n cao ap Weatherly lam viec d ap suit don, 1 MPa; ndng dd khi thai: NO x = 
200 ppmv; n6ng dd axit san phim 58 -4- 60%; phin huy NO x trong khi thai bang d6't trong 
khi nhien lieu. 

Trong c6ng nghe san xuit axit nitric, mdt vin d6 cin luu y la 6 nhidm m6i trudng do 
khf thai co NO x . 
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gia nhiet hon hdp NH 3 - khong khi; 8. thiet bi lam Ianh cao toe; 9. thung chua phan nu6c ngung; 10. to hyp tuoebin 
- may thu hoi n&ng It/dng - dong ccf chay may nen tuoebin; 11. thap oxy hoa NO; 12. lam Ianh khi; 13. thap hap 
thy loai dTa; 14. thung ph^n ly ( thoi N0 2 khong khi san pham (thap tay trang); 15. thung chifa axit san pham 




































Hi6n nay co miy hudng d £ giai quydt vin de nay: 

1. Nang cao hidu suit hip thu NO x bang phuong an n£ng cao ap suit lam vide, cai 
thidn dieu kidn td'i uu cho hip thu. 

2. Tim cac loai xuc tic co tmh chon loc cao, phan huy NO x thanh nito. 

3. Dung xuc tac, ket hop dung nhien lidu - nhit la khi thien nhidn (chu yeu la CH 4 ) 
d6't phan huy oxit nito. 

Cung co mOt sd co so san xuit - dac biet cic co sd quy mo san xuit nho dung chat hap 
thu nhu silicagel; cac loai zeolit hoac hip thu bang dung d|ch urd, dung dich soda. 

Day chuydn hinh 10.7 gidi thieu phuong phap thu hdi NO x bang soda. 

Thtrc ra trong qui trinh ha'p thu oxit nito bang dung dich nude - soda (Na 2 C0 3 ) phan 
ung diin ra nhu sau: 

vdi N0 2 : 2N0 2 + H 2 0 = HN0 3 + HN0 2 . 

2HN0 3 + Na 2 C0 3 = 2NaN0 3 + H 2 0 + C0 2 
2HN0 2 + Na 2 C0 3 = 2NaN0 2 + H 2 0 + C0 2 
Phuong trinh phan umg d dang tdng quat: 

2N0 2 + Na 2 C0-, = NaN0 2 + NaNO-, + C0 2 

va vdi N 2 03 : 

N 2 0 3 + H 2 0 = 2HN0 2 
2HN0 2 + Na 2 C0 3 = 2NaN0 2 + H 2 0 + C0 2 
Phuong trinh phan ung d dang tdng quat: 

N 2 0-, + Na 2 C0 3 = 2NaN0 2 + C0 2 

Nhu viy sau khi hip thu N0 2 bang nude, khi' thai chit y£u gdm NO va mbt phin nho 
N0 2 ; ndu lam viec d ap suit thudng, tdng him lucmg oxit nito vao quang 1 ~ 2 + 4%; qua 
hip thu bang dung dich soda san phim chu ydu se la hdn hop mudi NaN0 3 va NaN0 2 . 

Hoac cin cd dac, dua vao tmh chit ciia hd mudi dd tach ridng NaN0 2 va NaNO v 

Hoac dimg axit nitric chuydn toin bd NaNO z ve dang NaN0 3 theo phan ung (diy la 
phuong an sir dung rdng rai nhit). 

3NaN0 2 + 2HN0 3 = 3NaN0 3 + H 2 0 + 2NO - 1984 J 
NO phat sinh sau phan umg, dua trd lai quat trude edng doan hip thu. 

Mdt vin d£ cin liru y li: nhung edng trinh nghidn ciru vi tdc dd phan ung hip thu deu 
cho thiy: td'c dd phan umg hip thu cao nhit ung vdi ty 16 N0/N0 2 trong hdn hop khi nguy6n 
lifeu bang 1, hoic don gian: d dang N 2 0 3 . Vi viy trude hip thu bang dung dich soda, dit 
thim mdt thap oxy hoa (VII), oxy hoa NO thanh hdn hop ding phan tir NO, N0 2 . 
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Ngoai ra khi dua NO quay trd lai hip thu cSn luu f : dua Na 2 C0 3 vao day chuyen, chic 
chin se dua ion clo (Cl - ) vao day chuyen (nim trong tap chit ciia Na 2 C0 3 edng nghidp); 
theo NO, clo se tao thanh cuong thuy, cudng thuy tip trung b mdt vting thich hop trong day 
chuydn giy in mon thep khdng gi - mot vit lidu chu ydu lam thidt b| trong toan bo day 
chuyfin ch£ tao axit loang - cin kidm tra va thao bo khoi diy chuyen hip thu mdt luong axit 
chtia luong clo bang luong clo dua vao thi£t bi qua Na 2 C0 3 . 

II. CONG ngh£ cii£ tao axit nitric dam dac 

Qua trinh san xua't theo cOng nghd noi tren khdng chi tao duoc axit dim dac. Co hai 
hudng de chi tao axit dac: 

A. Che tao axit nitric dim die bang co die axit loang 

Ilinh 10.13 cho m6'i quan hi giura thanh 
phin pha hoi can bing vdi pha long, urng vdi 
nhfmg axit nitric co n6ng do khac nhau d nhidt 
dd s6i. 

Co the tha'y xuit hidn diim ding phi 6 
121,9 n C, tuong trng vdi axit ndng dd 68,4% 

(tinh theo khd'i luong) nhu vay khdng co kha 
ning dung bidn phap chung dung dich HNOj - 
H 2 0 loang - san phim cua qua trinh chi tao 
axit loang noi trfen thanh axit nitric dam dac vdi 
ndng dd bing hoic trin 68,4%. Mdt bidn phap 
thudng dung la chuyen sang chung trong hi 3 ciu tu vdi su trq giup cua chit hut nude. 

Hinh 10.14 cho bii't n6ng dd cua axit nitric dang hoi - cin bing vdi thanh phin dung 
d|ch hi 3 ciu tu H 2 0 - H 2 S0 4 - HN0 3 va hinh 10.15, he H 2 0 - H 2 S0 4 - MgN0 3 b nhiit dd 
sdi, dudi ap suit thudng. 

Hinh 10.16 cho biit nhiit dd sdi cua hi H 2 0 - H 2 S0 4 - HN0 3 dudi ap suit thudng. 

Trin day la nhQng hi thudng dung trong edng nghiip. 

Vf du he HN0 3 - H 2 0 - H 2 S0 4 : mdt hi co 40% H 2 S0 4 , 34% HN0 3 , 26% nude, thanh 
phin pha hoi 6 nhiit dd sdi la 90% HN0 3 , tuong (mg nhiit dd sdi (hinh 10.16) 120°C 6 ap 
suit thudng. 

Trong edng nghiip tien hanh chung trong thap chung vdi khoang 20 dia axit nitric 
dudi 50% dua qua gia nhiit bang hoi nude di'n nhiit dd sdi, hinh thanh he long - hoi dua vao 
dTa thu 10 (tit dudi lin). Axit sunfuric vdi ndng dd khoang 93% dua vio dia thti 16; hoi axit 
nitric bay ra b dia thu 20, dinh thip chung qua lim lanh ngung tu, mdt phin h6i luu ve dinh 
thap chung, mdt phin tach ra lam san phim axit nitric dac. Dinh thap giu ap suit 20 50 



N6ng HN0 3 , % KL 

Hinh 10.13 


171 




mmllg. HNO; va mdt phan NO a dinh thap nhifet do 150 k ’C. Dung hoi nude bao hoa a 4 - 6 
at gia nhiet day (hap, nhidt do chimg 170 k, C - san pham day thap la axit sunfuric 65 - 70% 
13n chimg 0,03% NO va axit nitric, axil loang nay dua di su dung trong cac day chuy£n sir 
dung axit vdi ndng do tuong umg. 

San pht-im djnh thtip dat ndng dd HNO ? tdi 95 - 98%. 

HXO, 



Hink 10.14 Hinh 10.15 


Dinh nurc tieu hao day chuydn nay nhu sau: 


Dfi sin xua't 1 tan HNO-, edn: 

- Axit loang - tinh thanh 100% (tin): 1.01 - 1,015 

- H 2 S0 4 91 - 92% H 2 S 0 4 (tan): 

vdiHNO, 48-50%: 4,0 - 3,8 

vdi HNOi 58 - 60%: 3-2,8 

vdiHNO, 67- 68 %: 2,3 - 2,1 

- Nude lam lanh (m 3 ): 40 - 30 

- Hoi qua nhiet (tin): 0,3 - 0,2 

Hoi bao hoa (tin): 0,25 - 0,15 

- Dien nSng tieu hao (kWh): 12-10 


Trudng hop dung nnrat magie cung tuong tu nhu v$y. Tien hanh chung he 3 cau tir 
HNO 3 - Mg(N0 2 ) 2 - H 2 0 trong thap chung loai dla. 

Nang nhiet dd axit nitric Idn tdi 100 °C, cung dung dich Mg(N0 4 ) 2 - nude vdi ndng dd 
72% 6 nhidt dd sdi, dua vao vimg gin dinh thap. 

Phin san pham day thap duqc gia nhiet b nhidt do sot - khoang 100 - 180‘'C. Hoi dinh 
thap chua chimg 87% HNO ? - 13% H 2 0 tiep tuc qua mdt thap chung phan ly nua d 6 duqc 
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san ph4m dinh thap la HNO-, 99%, qua ngung tu dinh thap - mot phAn lam dung dich hoi 
liru. mot ph&n My lam san phAm axit dftc. 

San pham day thap la dung dich Mg(N0 3 ) 2 55% qua thiet bi co dac, nSng tra Mj nong 
dd 72% Mg(N0 3 ) 2 d£ dua lai dinh thap chung Mn 1. Ca hai phuang phap nay co mot nlurac 
diem rat Ion la tieu t6n nhidu hoi nude, dac biet la phuong an dung Mg(N0 3 ) 2 . 

Voi phuang an thur 1 diing rong rai hen, dac biet la doanh nghibp san xuA't gSn vdi ca 
sa su dung axit sunfuric loang. 

Vi vay phuang An che tao gian tiep nlnr vay thudng sir dung cho ca $6 sAn xua't co quy 
mb nho. Thiet bi. day chuyen dan gian. Co the dung chi cung lam vat lieu chdng an mon. 


HNOj 



« n 2 so^ —*■ 
Hinh 10.16 


B. Che tao axit nitric dam dac bang phuang phap true tiep 

Phuang phap nay dua trfen co so t6ng hop HNO ? dAm dac ttr N 2 0 4 long vdi H 2 0 va 0 2 
a Ap suat cao va nhidt dd cao. theo phan ting tdng quat san: 

2N 2 0. t ( | 11llg ) + 2H 2 0 + 0 2 (kh0 4HNO, ( | 6ng) + 78,8 kJ 

Qua trinh cong nghe bao g6m bude oxv hoa NH 3 trong khdng khi de che tao dong 
nguyfin lieu oxit nito' - phAn nay tuang tu nbu qua trinh oxy hoa NH 3 trong che tao axit nitric 
loang. Sau do Mn luot di qua cac bude: 

1 . Lam lanh nhanh, tAch luang nudtc hinh thanh tir phan ung oxy hoa NH 3 ra khoi he. 
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2. Oxy hoa NO thanh N0 2 , trudc hdt bang oxy trong khdng khi du, sau do bang axit 
nitric. 

3. Ha'p thu N0 2 bang axit nitric dam dac. 

4. Phan huy axit nay, tach ra N 2 0 4 . 

5. Lam lanh va hoa long N 2 0 4 , ngung tu tach N 2 0 4 ra dang long. 

6 . TOng hop N 2 0 4 vdi nude, c 6 bo sung oxy. 

6 day chi dd cap tdi nhtfng bude cd ti'nh chat dac thu cua cOng nghe: 

1. van de oxy hoa NO bang axit nitric 

Oxy hoa NO bang oxy trong khdng khi la phan ling 2 chi£u, toe dd phan ung cham, 
dac biet la trudng hop d 6 i hoi phai dat tdi mdt hidu suat oxy hoa cao (tuong ting vdi ndng dd 
NO trong dong khi nguydn lidu rd't tha'p). Vi vay tien hanh oxy hoa trdn axit nitric co n 6 ng 
dd cao - thuc chat la phan ling nghjch trong ha'p thu N0 2 . Ndng dd HN0 3 , nhidt do cao co 
ldi cho phan ting 

NO + 2HNO-, = 3N0 2 + H 2 0 - 73,6 kJ 

Didu kidn phan ting cflng la didu kidn thich hdp cho phan utng theo chidu nghich cua 
phan urng ha'p thu vdi ndng dd axit nitric dam die qua: 

v - Pno 

^ n 3 

Pno 2 

NO 

ty Id -- rat nho, khi ndng do HNO-, cang cao. 

' no 2 

Trong san xua't, dung HN0 3 98%, hidu suat oxy hoa cd thd ldn tdi 98% ddn 99% - 
HNO^ chi tach ra tit day thap oxy hoa ndng dd ha xudng 70 + 75% HNO 3 . 

Theo E. T. Ce^aiiieB, cd thd tinh thdi gian phan urng cin thidt de chuydn ap suat rieng 
phan cua NO trong khi nguydn lieu la p" xud'ng ddn ap suat ridng phan trong khi thai la p T 
bang edng thurc danh cho th£p ddm: 



trong do: p - thdng sd' vat ly cua ddm, bang thd tt'ch tu do cua ddm/didn tich ty do cua ddm (cm); 
k - hang sd toe dd phan ting. 

6 ndng dd HN0 3 trong mien 98 - 5 - 70%, td'c dd gia cua khi trong thap: 0,2 m/s, tinh k 

theo: 

k = 1,43 - 0,033.(100 - z) (b 15°C) 

k = 1,76 - 0,0407.( 100 - z) (cr 25°C) 

k = 2,03 - 0,0467.( 100 - z) (6 35°C) 

Trong do z : ndng dd binh quSn cua axit nitric. 
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2. V&'n de iach va hoa long N 2 0 4 

C6 th£ di theo hai hudng: 

Hoic lam lanh, nhim dua vao sir thay doi ap suit bao hoa cua hcti theo ap suit va nhidt 
dq dd’ chuy&i N 2 0 4 sang dang long. 

Phin ldn nhimg diy chuydn cOng nghd di theo phirong an nay ddu tidn hanh theo hai 
budc. Budc thur nhit, lam lanh bing nude din nhidt d6 thucmg va bude thu 2, ha nhiet do 
xudng _10°C. KhOng cin ha thip hon nQa vi 10,8% N 2 0 4 - san phim qui trinh trung hop 
N0 2 se chuyen sang dang tinh the. 

H6n hop khi thu duqc sau oxy hoa NH 3 b ap suit thudng co ham luqng NO tdi da 
khoang 11%. 

Tuong ung vdi ap suit ridng phin li 83,5 mmHg, trong khi ap suit bao hoa hoi N0 2 + 
N 2 0 4 trdn N 2 0 4 th£ long d -10°C bing 152 mmHg. VI viy budc phai tien hanh hoa long b 
ap suit cao. 

C6 th£ ti'nh toan ap suit tdi thi^u nay bing 0,182 MPa. 


Bang duOi diy cho thiy mdi quan hd giOa hidu suit ngung tu oxit nito vdi ap suit va 
nhidt dO , trng vdi ndng dd N0 2 trong khi nguydn lidu la 10%. 


Ap suit, MPa 

Nhidt dd,°C 

5 

-3 

-10 

-15,5 

-20 

0,5 

- 

9,75 

45,10 

56,96 

68,59 

0,8 

16,61 

44,74 

66,18 

73,40 

80,54 

1 

33,12 

56,10 

72,90 

78,85 

84,49 


Nhu viy lam lanh din -10°C b ap suit 1 MPa, thdi gian du dai cd th£ dat hidu suit 
tich N0 2 - N 2 0 4 tdi gin 73%. 

Mot phuong an thu’ hai li trude hd'l dung axit nitric dim die d£ hip thu N0 2 , sau do 
nha duqc N0 2 - N 2 0 4 nguydn chit, lam lanh hoa long. 

DO hoa tan cua N0 2 trong HN0 3 die khi ldn. 

Vi du 1: vdi axit nitric khan, do hoi tan nhu sau: 

Nhidt dO, °C 78,5 70 60 50 40 33 

Dqhoi tan, % 0 3,1 7,8 14.2 21,5 27,0 

VI du 2: DO hoa tan cua N0 2 trong axit nitric 97% b -10°C nhu sau: 

Him luqng N0 2 trong khi nguydn lidu, % 10 15 20 25 30 

Ham luqng N0 2 trong dung dich HN0 3 + N0 2 29,4 34 37,2 41 45 

& nhidt dq thip hon (khoang 0°C) co thl dat dd hoa tan tdi 40%. 
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Nhu vdy khi ha'p thu N0 2 bang axit nitric dam dac, khdng chi c 6 hoa tan vat Iy m'a con 
hinh thanh mOt hop chat theo phan ung: 

hno 3 + no 2 = hno 3 .no 2 

Trong hop chat nay N0 2 chidm 42%. 

Co thl tinh tdc do ha'p thu N0 2 bang HNO 3 theo cdng thurc kinh nghi 6 m cua B. M. 

Kayt. 


trong do: p - thong sd vat ly ciia d6m; 

p“, Pg - ap suat riSng phdn ciia N0 2 trong khi noi vao va ra khoi thidt bi, mmHg; 

Pi*, pj - ap suSt bao hoa cua N0 2 trong axit nitric noi vao va ra ciia thi6't bi; 
k - hang sd t6'c dd phan (mg, tinh theo: 

Igk = 1,655 + 0,31g<n - 1.371gT + 0,0149z 
co -1dc dd gia ciia khi di trong thap (thudng trong khoang 0,1 + 0,6 m/s); 

T - nhiet dd (263 -r 283°K); 
z - ndng dd axit nitric (trong mien 85 -s- 98%). 

Trong mi£n tdc dd gia khoang 01 = 0,4 m/s, nong dd HN0 3 bang 98% co thd tinh theo: 
lg(0,812 - k) = 0,0139x - 0,44 (6 0°C) 
lg(0,564 - k) = 0,025lx - 1,018 (-10°C) 

Trong do x: ham luong N0 2 trong axit (% khd'i lupng), 

3. Tong hop, che tao axit nitric 
Phan ung tong quat nhu sau: 

2N 2 0 4 + 0 2 + 2H 2 0 = 4HN0 3 

Trong cdng nghiep, tid'n hanh tong hop trong thi6t bi phan ling cao £p: 40 at va nhiet 
dd trong midn 70 + 80°C; ty 16 phan tir N 2 0 4 : H 2 0 =1:1. 

Tang ty 16, co thd tang tdc dd phan ung, song nhu vSy lai th6m mdt budc, chung tdch 
N 2 0 4 du khoi axit san pham. 

Hinh 10.17 gidi thi6u mdt day chuyen san xua't. Cdng doan thur nhat - oxy hoa NH S tir 
thi6t bi sd 1 de'n sd 8 - hoan toan tuong tu nhu day chuydn oxy hoa d ap sudt thucmg. 

Hdn hop khi oxit nito qua may quat sd 7, di vao thap oxy hod (9) ap suat cd 1400 mmHg, 
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d day phun axit tu&n hoan nhlm muc dich lam lanh - oxy ho£ NO bang oxy trong khdng khi 
du, mOt phin hoi nude ngung tu pha loang axit tuan hoan - ndng dd axit phun vao thap thur 
nha't la 50 + 55%, thap thti hai: 60 4 62%; nhidt phan ting duqc dua ra ngoai nhd axit tudi va 
sau do lam lanh trdn thid't bi truydn nhidt d'ng chiim (10). Tidp tuc qua thid't bj oxy hoa oxit 
nito bang axit nitric 98%, san phim axit day thap khoang 75%; khi N 2 0 4 qua lam lanh (13), 
ha nhidt d6 xud'ng -10°C bang hd NH^ sau do vao thap htfp thu (14), thuc hidn qua trinh ha'p 
thu N 2 0 4 bang HNOi 98%. Dung dich axit nitric dac bao hoa N 2 0 4 phun vao thap (14), 
(18); khi thai qua thap rtra (17) thu h6i oxit nito trude khi phong kh6ng. Trong thap 18 gia 
nhidt bang hoi nude, tach N 2 0 4 nguydn cha't ra khoi axit, axit quay vd lam lanh, duqc axit 
nitric dac thuong phdm va sir dung tufin hoan trong chu trinh, khi N 2 0 4 qua hd thong lam 
lanh dd'n 50 4 40°C trong thid't bi lam lanh (21), thidt bi lam lanh bang nude (22) va ha tiep 
xudng -8'’C. N 2 0 4 long di xko thdp chtia (24), o day trdn vdi axit nitric dam dac. dua vao 
thidt bi phan ting cao ap (25); may nen (28) nen oxy ldn 40 + 50 at, dua vao thidt bi phan 
ting. Phan ung kdt thuc, san phiim axit nitric die con lin 25 4 50% N 2 0 4 du qua thting chtia 
(27), vd (18), phdn con lai quay trd vi oxy hoa eCtng NO. 

Axit tach ra tti thidt bi lim lanh (12) c6 ndng dd 75% dua ve bd sung vao axit 98% 
dua vao thidt bj phan ting cao ap. 

M6t v&i s6 lidu vd djnh mtic tidu hao cho 1 tain HN0 3 nhu sau: 


NH-, (tan) 

0,294 

oxy (m 3 ) 

140 

nude (m 3 ) 

190 

Pt (g) 

0,06 

hoi nude (T) 

0,2 

luqng lanh (10 3 kcal) 

400 

didn nang (kWh) 

270 


Hinh 10.18 gidi thieu cdu tao cua mdt loai thidt bi phan ting cao ap - tdng hop axit 
nitric die vdi nang su£t 25 tdn HNO s /ngay dem. 

Vo thap bang thep chiu ap suit 50 at diy 36 mm. Trong ldt vat lidu chju axit nitric - 
nhdm 99,8%. 

Khoang 10 dla 16 cd dudng kinh 0,83 m, each nhau 0,62 m dat song song trdn true 
thidt bi. 

L6 8 mm, cu ly 16 30 mm. Thdi gian dimg cua nguydn lieu trong thidt bi cd 6 phut. 

Cung c6 nhting day chuy6n lam vide d ap sudt tha'p hon - cd 25 at, 75 n C vdi ty Id 
N 2 0 4 / H 2 0 = 7,5. 
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Chuon g XI 

Gl6l THIEL CONG NGHE SAN XUAT METHANOL 

Th£ ky thur 19, methanol duoc ch£ tao chu yeti dua vao cOng nghe chung thd gd. 

Khoang diu tbs' ky 20, bat diu t6ng hop CO va H 2 tao mot hdn hop co methanol, din 
khoang 1920 - 1923 BASF nghien cdu xuc tac gdc Zn - Cr cho phan ling nay. Cho din nay 
tdng hop tren xuc tac nay van la cdng nghe chu yiu. 

Trudc kia thudng tdng hop b ap suit cao (co 250 - 350 at) va 320 - 400°C. Khoang 
nhung nim 1970, su dung xuc tac g6c d6ng vdi hoat ti'nh cao, xuit hien nhung day chuy£n 
t6ng hop b ap suit thip (co 50 - 100 at), nhiet d6 230 - 280"C. Tir do phtrong phip nay vin 
tdn tai va cang duoc phat tri8n. 

Do tdng hop methanol di tir nguon nguyfen lieu khl tdng hop CO + H 2 tuong tu tdng 
hop NH 3 , them nua cdr>g nghd hoan toan tuong tu vi v4y thudng co set san xuat methanol gin 
lien vdi c6ng nghidp tdng hop NH 3 - c6ng nghifip cac hop chit v6 co cua nito. 

I. TINH CHAT 

Methanol - ruou methylic CH 3 OH, khOng mau, d6c vdi ngudi, khd'i lucmg rifing 0,791 
g/cm\ hoa tan hoan toin trong nude, d£ chiy, nhiet do sdi 64,7°C (d 760 mmHg). 

Nhiet d6 nong chay: - 97°C 

Nhiet hoa tan trong nude: 269,63 kJ/kg 

Chi sd octan: 110 - 120 

La mdt chit dung lam nguyen lieu cho edng nghiep hoa hoc hOu co: san xuit chit deo, 

cao su tdng hop, to soi nhin tao, ndng duoc, thud'e. Song ddi tuong su dung quan trong nhit 

la san xuit focmandehyt nha phan ting oxy hoi khdng hoan toan bing oxy trong khdng khi 

trfen xuc tac: „ 

fl\ _ 

CH 3 OH + 0,5O 2 -H-C=0 + H 2 0 h / C_ ° 

H 

Phan ting vdi hydro clorua tao CH 3 Cl va vdi amoniac cho methylamin CH 3 NH 2 . 

Co the sir dung CH 3 OH lam nhien lieu thay xing, hoac true tiep chuyen hoa mbt bude 
nua thanh xang. 

Cung co the tir CH 3 OH tao ruou ethylic, tit ruou ethylic mil nude tao ethylen ttr diy 
san xuit cic hop chit hQu co tur ethylen, thay cho viec di ttr diu mo. 
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Chinh do v4y, c 6 ng nghe tdng hop methanol tir nguydn lieu than - m 6 t loai nhifen lieu 
ran dang duoc phat tridn manh, d£y tridn vong nha't la trong thoi ky khung hoang d4u mo, 
nguy co can kiet d£u mo trong thcfi gian khdng lau nQa. 

II. NHUNG NGUYfiN LY CO BAN 

Thuc ch£t cua phan ling di tir h 6 n hop khi CO va H 2 la phan ling hydro hoa. Tuy dieu 
kien phan ting va xuc t£c cho phan ling, co the’ didn ra m 6 t loat phan ting hlnh thanh 
methalol, cacbua hydro hoac andehyt... 


CO + 2H 2 
CO + 3H 2 
2CO + 4H 2 
2CO + 4H 2 
Hoac n 6 u c 6 C0 2 : C0 2 + 3H 2 


CH 3 OH 

ch 4 + h 2 o 
c 2 h 5 oh + h 2 o 
CH 3 OCH 3 + h 2 o 
CH 3 OH + h 2 o 


Ne'u diimg vd mat nhiet d 6 ng ma noi, trong mi£n nhiet d 6 tir 200 - 500 o C, trong cac 
phan ung tren, kha nSng tao CH 4 la Ion nha't (AG trong mi 6 n -25 d£n -30 kcal/mol (CO)), 
kh 6 ng thA tao CH 3 OH (AG trong mien 0 d£n +20), vdi C 2 H 5 OH cung vay (AG tir -7 dd'n +7). 

Trong didu kien a'y budc phai dung xuc tac, tfnh chon loc cua xuc tac cung dieu kien 
thich hop dd thuc hien chon loc phan ting tong hop methanol. 6 day chi d£ c£p tdi phan ling nay: 

CO + 2H 2 ^ CH 3 OH + 21,70 kcal/mol (25°C) ( 1 ) 

Va ndu trong h 6 n hop khi co C0 2 : 

C0 2 + 3^=^ CH^OH + H 2 0 - 11,84 kcal/mol (25°C) (5) 

Co thl tinh hidu ling nhiet cua phan ling toa nhiet (1)6 nhung dieu kien nhiet d 6 khac 
nhau theo cdng thtic: 

Q = - 75,0 - 6 , 6 . 10 -2 T + 4,8.10 _ 5 T 2 - 1,13.10“ V ( 1 ) 

trong do: Q - hidu ung nhiet cua phan ung [kJ/mol]; 

T - nhiet d 6 [tuyet dAi] cua phan ling [°K]. 

Thuc ra hieu ling nhiet trong mien 200 - 350"C vko khoang 21-23 kcal/mol, thay d 6 i 
ft nhidu theo ap su£t. 

La phan ling hai chidu, toa nhiet. H&ng sA can bang cua phan ling: 

v _ Pch,oh 

Kp_ n n 2 

Pco 1 Ph 2 


co thA tfnh theo c 6 ng thiic: 


5 r 

= 9,740.10 5 . exp 


21,225 + - 7,492. In T + 4,076.10 ? .T - 7,161.10 3 .T 2 

T 
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Ho&c dctn gian hon, tfnh theo phuong tfihh cua M. M. Tcmkhh va B. M. HepejjHHHeHKo: 
lgK p = ^ - 7,4921gT + 0,177.10 _2 T - 0,311 10 -7 T 2 + 9,218 

Cung nhu phan ung t6ng hap NH 3 tid'n h&nh a ap suait cao va nhifet d6 cao - khi xa 
trang thai ly tuang, vi vay nen tfnh theo fugat thay vi ap sua't can bang. 

K f = K Y .K p 

Xac dinh he s 6 fugat qua ap su£t va nhidt do ty dd'i. 

Nhtrng s 6 lieu tuang urng, c6 the tim tha'y trong so tay ky thuat. 

De co the htnh dung cu the hon, ta co the lay m6t so' ke't qua tfnh toan theo cong thuc 
(2) 6 nhiat dd 300 (, C: 


Ap sua't 

K y 

Ap suat ridng phan o trang thai can bang (at) 

Ham lircmg 

Pco 

Ph 2 

PCH3OH 

CH 3 OH (%V) 

10 

0,96 

3,32 

6,65 

0,036 

0 

25 

0,90 

8,15 

16,29 

0,56 

1.7 

50 

0,80 

15,3 

30,6 

7,1 

8.0 

100 

0,61 

25,2 

50,5_ 

24,3 

24,2 

200 

0,38 

34,2 

68,4 _ 1 

97,4 

48,7 

300 

0,21 

37,7 

75,4 

186,9 

62,3 


Ngoai ra trong dieu kidn thuc t£ cua san xuik't cdn co nhimg phan tmg phu sau: 

2CO + 4H 2 (CH 3 ) 2 0 + H 2 0 

CO + 3H 2 ^ CH 4 + H 2 0 

4CO + 8H 2 C 4 H 9 OH + 3H 2 0 
2C0 2 + 4H 2 ^ CH 4 + 2H 2 0 
2CO =5=^ C0 2 + C 

Ngoai ra c6 the co mdt luang nho ruqu bflc cao, mdt luang nho aldehyd, aceton... 


Phan ung ti£n hanh trdn xuc tac. 

Trudc kia thucmg dung xuc tac gdc kem crom (Zn 2 0 3 + Cr 2 0 3 ), hoat tmh tha'p, nhiet 
dd lam vide cao (380 - 400°C), chmh vi mud'n nang cao hi6u sua't chuy^n hoa, cdn ti£n hanh 
6 ap sua't cao. 

Xuc tac duqc su dung ph6 bi£n hien nay la gdc d6ng - kem (CuO + ZnO). 

Veto xuc tac kem - crom, thuc chdt tham gia phan ting Id cai san pham sau hoan 
nguydn xuc tac (liic m6 may). 

2(ZnO.ZnCr0 4 .H 2 O) + 3H 2 ZnCr 2 0 4 + 3ZnO + 5H 2 0 
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Dudi day gidri thidu mdt s 6 loai xuc tac duoc sir dung rdng rai hien nay trSn the gidi. 


Loai xuc tdc Idm viec dr dp suat cao 



Ten xuc 

tac 

Thanh phln chinh (%) 

Dilu kidn llm vide 

ZnO 

Cr 2 03 

Ap suat (at) 

Nhidt dd (°C) 

T6c dd khdng gian 10 4 , h -1 

uci (My) 

C 70-2 

78 

22 

210-340 

340 - 400 

1,8-3 

ICI (Anh) 

25-1 



250 - 340 

320 - 390 


BASF (0flc) 

S 5-10 

70 

20 

>200 

300 - 400 

1,8-3 

TOPSOE 
(Dan Mach) 

SMKR 



200 - 300 

330 - 400 

2-5 


Loai xdc tdc lam viec or dp suat tha'p 


Hang 

Ten 

xOc tac 

Thanh phln chinh (%) 

Dilu kiln Idm vide 

CuO 

ZnO 

Ap suit (at) 

Nhidt dd (°C) 

Tdc dd khdng gian 10 4 , h 1 

UCI 

C 79-2 



35-137 

220 - 300 


ICI 

51-1 

60 

30 

(+10% Al 2 0 3 ) 

49-61 

210-270 


ruAn 

CHM-1A 

53 

20 

(5,5% A1 2 0 3 ) 

49 

210-330 


TOPS<PE 

LMK 

40 

10 

(5% Cr 2 0 3 ) 

98 

220 - 270 


C207 

Trung Qudc 


38-42 

38-43 

(5 - 6% Al 2 0 3 ) 

100 

250 


C301 

Trung Qudc 


45-60 

30-25 

(5 - 6% Al 2 0 3 ) 

50 

220 



Thirc ra co che cua phan ung chua duoc gidi thidu cu th£ cho cac loai xuc tic khac 

nhau. 


Vdi luong xuc tac kem - crom, sau hoan nguydn thudng co thanh phan 3Zn0.ZnCr 2 0 4 
vdi ham luong 53% ZnO, 44 ~ 46% ZnCr 2 0 4 , di£u kidn lam vide nhu sau: 


Ap suit tdng hop: 

Nhidt dd trong midn: 

Ty 10 trong khf nguydn liOu: 
Tdc dd luu luong dong khi: 


200 - 300 at 
300 - 400°C 
H 2 /CO = 2 
W = 40.000 h 


Theo tai lieu cua ATpomeHKo, vln co th£ dung phuong trinh dOng hoc cua Temkin, 
tuong tu nhu cac phan umg chuy^n hoa CO, S0 2 , tOng hop NH 2 ... 
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0,25 


0,25 



vdi gia tr| k, nhu sau: 


t(°C) 

300 

330 

360 

390 

420 

k, (kmol/m 3 h) 

0,148 

0,152 

0,162 

0,168 

0,174 


Nhu v4y cung theo each suy luin Ai rut ra phuong trinh Temkin, tdc dd cua phan ting 
nam trong miin ddng hoc (xuc tac <J> < 3 mm), bude ha'p phu H 2 duoc coi la bude chim nhat. 

Hoic tfnh theo phuong trinh mang tfnh thirc nghiem cho phan ting a mi4n xa trang 
thai can bang: 

r=k| p fri ( i r) (kmol/m,h) 


trong do: 

a, b - ndng dd tfnh theo th£ tfch cua H 2 va CO trong khf nguydn lieu; 
x - hidu suit chuy^n hoi thanh CH 3 OH ciia CO (%); 

P - ap suit tdng hop (at); 

k, 6 360°C bang 0,162 kmol/m 3 h; 

nang luong hoat hoi cua phan ting thuan bing 10,5 kcal/mol. 


Vdi xtic lie gdc ddng, mOt s6 tai lifeu cua Trung Qudc gidi thidu phuong trinh ddnp 
hoc sau: 

/ \ 

dyCHjOH _ f \ 2 2,W 2 f 7 . yCH 3 OH 

— --m+zycHjOH) P (yco-y Hl ) ‘- K .p2. yco . yH 


trong do : 

k] - chi hing s 6 tdc dd phan ting thuan: 

k, = exp -2,18447 - 3044,6T- 

P - tdng ap suit hdn hop khf (at); 
t - thdi gian tid'p xuc tidu chuin (s); 
ycH^oH’ yco. y H2 ■ ndng dd tfnh theo thd tfch (hoSc phin tu) cua cac khf tuong ting; 

K - hang s6 cin bing cua phan ting. 

Thuc ra trong didu kidn hien nay cd thd coi diy li phuang trinh ddng hoc co thd duoc 
sti dung trong thiit ke luong xuc tic dung trong phan ting chung cho hi xuc tic gdc ddng 
kern d ip suit thip (vimg 100 at). 
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COng tai lieu nay co giori thieu hi6u suit lpi dung be mat trong (r|) cho cac hat xuc tic 
v6i c6 hat khac nhau trong didu kipn thong dung cua thuc te san xuit (khoang P = 50 at, 
nhiet dp T = 475% hPn hop khi 8C0 2 /12C0/72H 2 /8N 2 ). 


Dudng kfnh xuc tic (cm) 

0,1 

0,2 

0,4 

0,6 

0,8 

n 

0,998 

0,995 

0,980 

0,957 

0,927 


Cic gia tri tren chi co gii trj tham khao, vi trong midn n6ng dp H 2 /CO qua 1cm. Thuc 
ra vPi dieu kien da co phuong trinh dong hoc, hoan toan co the xac dinh gia trj q trong 
nhting dieu kien cu th& 

6 day co m6t van d£: nPng dP ciia C0 2 . 

Vpi xuc tac Zn - Cr, co th£ coi C0 2 nhu m6t thur khi tro, song nhieu thdng tin cho thiy 
v6i xuc tac gPc d6ng - kern, tinh hinh c6 phtic tap hon. ThuPng kit qua nghiSn ctiu xac nhan: 

1. Trong hPn hop khi, vPi m6t ham luqng C0 2 nhat dinh c6 th£ nlng cao hieu suit 
chuyen hoa CO thanh CH-)OH. 

2. Nang cao tinh chon loc cua xtic tac, giam ham lupng san pham ciia cac phan ting 
phu, dac biet cac loai ete. 

3. Xuc tic lam vipc 8n dinh, co tac dung lam 6n dinh nhiet xuc tic va keo dai tu6i tho 
cua xuc tac, giam hipn tupng ket khPi. 

Mat bit Ipi p chd lim giam tPn theft chut it H 2 . 

Co thi tham khao mpt edng thtic giPi thieu mPi quan he giua nPng do khi C0 2 trong 
khi nguyen lieu (yco 2 %) VPi n6ng dp cua methanol trong san pham methanol th6 (y): 

y = 99,37- 1,74 

III. NHONG VAN d£ c6 NG NGHfe 

Hien nay ph6 biPn dtlng cac day chuyin: ip suit cao (co 250 - 300 at), ap sua't trung 
binh (c0 100 - 130 at) va ip suit thip (50 at) tuong ting vdi ap suit t6ng hop khac nhau, 
nhiet dp cOng khde nhau. 6 ap suit 150 at, nhiet dp t6ng hop thip hon P 300 at chtmg 50°C, 
6 ap suit 50 at nhiet dp tdng hop thip hon 150 at cung chimg 50°C. 

De dam bao nPng dp CH 3 OH trong san phim tPng hop co him lupng khPng ddi, 6 ap 
suit thip c 6 ging duy tri nhiet dp thip, trong mien 250°C. Tir do dat ra yfiu ciu chon nhting 
loai xtic tac c6 hoat tinh rit cao, xuc tac gPc dPng - kem co th£ dat y6u ciu iy. Ngupc lai P 
ap suit cao, nhiet dp kha cao, doi hoi cac loai xuc tac c6 tinh chit co cao, chiu nhiet, 6n 
dinh nhiet - thuPng li xuc tac kem - crom. 

Do la nhting diem chinh can can nhic khi chon cPng nghe vi ap suit. Cung nhu cac 
phan ting giam th£ tich khac, tang ap suit co lpi cho phan ting. Vi mat tPc dp phan ting cung 
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vay. Qua phucrng trinh ddng hoc ta thSy ap suit anh hircmg dd'n tdc <36 nay. 

6 day cung tirong tir nhu qua trinh tdng hop NH 3 dua vko nhidu ye'u 16' dd chon ap su£t 
tdng hop. Ridng d6i vdi xuc tac g6c d6ng kem trdn 75 at, hidu sutft chuydn hoa hau nhu it 
thay ddi khi tang ap su£t. 

C6 thd xem hinh 11.1, rut ra tur ket qua thl nghidm cho tha'y dieu do. 



Hinh Il l 

Ty Id H 2 /CO theo phan (mg tdng hop la 2/1; thuc td trong khi bao gid cung co C0 2 , ty 
Id cua (H 2 + C0 2 ) / CO thirong tfnh theo phan ting (1) va (5). 

Tuy vay ty Id nay ndu tha'p, phan dug phu xay ra manh hon. Ngoai ra ty Id nay con anh 
hudng tdi hidu ung nhidt cua phan (mg tdng hop. Thuc td thuong khdng chd' ty Id (H 2 - C0 2 )/ 
(CO + C0 2 ) trong khi nguydn lidu khoang 2 ddn 2,1 , va trong khi tu£n hoan tori 5, tham chi' 
d hd cao ap ty Id nay trong khi tu£n hoan !dn tori 10. Khi tro cung vay, anh hudng xdu tdi 
tdng hop, qua 1km giam £p sua't ridng ph£n cac ciu tu tham gia phan ling. 

Sau tdng hop, qua lam lanh tdch san pham khoi hdn hop khi tudn hoan, ha thdp ham 
lucmg methanol trong khf tu&n hoan (khi vao thap) giam kha nang xay ra phan ung phu hinh 
thknh ruou bac cao va cdc phan ting phu khac. 

Co thd xac dinh ap sudt ridng ph^n cua CH 3 OH d trang thai can bang vdi pha long, d 
nhung nhidt d6 kh£c nhau theo cdng thtic: 
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Hinh 11.2. Day chuy£n t6ng hop metanol cua ICI, lam viec d dp su2t thdp 
1. thap t£ng hdp; 2. thap phSn ly; 3. thdp chLfng; 4. thdp methanol; 5. may nen; 6. may tuln hoan 


















Khf nguyen lieu qua nen de'n 50 hay 100 at, tron vdi khf tuin hoan vdi ty 16 (H 2 - C0 2 )/ 
(CO + C0 2 ) = 5 vao thip tdng hop (1), sau tdng hap khi co him lupng 4 - 7% CH 3 OH, qua 
truydn nhiet vdi khf tuan hoan rdi thiet bj lam lanh bang nude, tach CH 3 OH khoi khi, dupe 
CH 3 OH thd. CH 3 OH th 6 qua 2 thap chirng vdi ap suit chung 3 ~ 3,5 at. Khf CO, H 2 chua 
phan ung, qua phong khdng khi tro, phin khi tra nay co the’ dung lam nhien lieu. Phan chu 
yeu trdn khf mdi qua may nen tuin hoan ( 6 ) dua trd lai thap sau khi da thu nhiet tur san 
phim khf tdng hop. 

Phin CH 3 OH th 6 thudng lln: khf hoa tan H 2 , CO, C0 2 , dimethyl ete (metoxymethan) 
(CH 3 OCH 3 ), axetandehyt (CH 3 CHO), axeton (propanon) (CH 3 C0CH 3 ), methylfocmiat 
(HCOOCH 3 ), cacboxyt sit ..., mdt sd' chit cd phf didm thip nhu ruqu ethylic, rupu bic cao 
va nude. Qua thap methanol chung liy methanol sach. 

Thudng thap chung thd c 6 40 - 50 dia (3). 

Thip methano~l cd 60 - 70 dia (4). 

- Dudi diy la mdt sd thdng sd ky thuit cua diy chuydn nay: 

Nang suit: 100.000 tin/nim 

Ap suit: 50 - 100 at 

Nhiet dd tdng hop: 200 - 300°C 

Xuc tac: ddng - kem 

Ty 16 (H 2 - C0 2 ) / (CO + C0 2 ): 2 

Ngudn khf nguyen lieu cd thd di tir than, dau ning, khf thidn nhien. 

- Mdt sd chi tieu kinh t£ di tir nguyen lieu khac nhau: 

Tieu hao nhien lieu cho 1 tin methanol (GJ): 


Daychuydn 

Than di 

Dau ning 

Khf thiin nhien 

Diy chuydn Lurgi 

40,8 

38,3 

29,7 

Diy chuydn ICI 

32,6 

32,2 

30,6 


La mdt phan ung he khf rin, trong do chit tham gia phan ting d the khf, xuc tac thd 
rin. Phan ung hai chidu, toa nhiet, giam thd u'ch. 

Vdi die didm dd moi bien luin v£ thap tdng hop methanol hoan toan tuong tu thip 
tdng hop NH 3 , thim chf cd thd dung ngay thip tdng hop NH V Vi viy khdng cin bien luin 
them vd ciu tao thidt bj die chung nay. 

Ve edng nghe cung viy, khac ching la edng doan chuydn hoi khf than udt, thay vi 
chuydn hoa din trdn 90% CO nhu a tdng hop NH 3 . 

6 diy chuydn hoi dd'n mdc dd ty le (H 2 - C0 2 ) / (CO + C0 2 ): theo y6u ciu cua tdng 

hop. 
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IV. VAI NET v£ CHUYflN HOA METHANOL THANH XANG 

Tur khi than (ddu nang, khi thifen nhien)... chuy^n san xua't methanol da thanh mot 
nganh san xua't vdi quy md ldn. 

Co th£ true tiep dung methanol lam nhien lieu, song c 6 nhi 6 u nhuqc diem. Cong ty 
Mobil da dua vao day chuy£n san xu£t: chuy^n hoa methanol thanh dSu xang co chi s6 octan 
cao tren xuc tac zeolit ZSM-5. 

Day chuyen nay c 6 nhieu uu di£m: duqc xang chSt luqng cao vdi hieu suit cao, qua 
trinh don gian. Song c a ban 1 ^: nhiet tri cua methanol khdng ldn, tan trong nude, tMm chi 
hut am trong khdng khi, chuyen sang xang nSng luqng tmh theo khdi luqng gin gap ddi. 

Qua trinh chuyen hod chii y 6 u dua vao phan ling thoit nude: 

nCH 3 OH —► (CH 2 ) n + nH 2 0 

Day la mdt phan ling toa nhiet, hinh thanh 44% cacbua hydro va 56% nude. 

Xuc tac chu y£u la zeolit tdng hqp ZSM-5 hoac A1 2 0 3 - 

Zeolit ZSM-5 co ciu tao tinh th£ lap phuong, mao quan ddng nhat, kfch thude 0,5 - 
0,6 nm tuong dudng dudng kinh ciia phan tit C l0 , cac phan tu C thip hon lot qua zeolit. C 10 
khdng lot qua vi vay han chd' su keo dM cua mach cacbua hydro. Chrnh vi vay chi co giam 
kfch thude phan tit mdi tach khoi xuc tac. 

Nhu vay san pha’m phan ling chit yd'u la cacbua hydro tit Q> - C| 0 , phi di£m cua chdng 
trung vdi thanh phan xang. 

Phan ling tidn hanh a 20 at, nhiet dd 340 - 410°C, cung co nhi£u nude su dung xang 
pha 4 ~ 8 % methanol hoac ti£p tuc cai tien t 6 ng hqp tren xuc tac Zn - Cr, a ap suit 100 - 
150 at, nhiet dd 410°C, thu duqc san phim gdm CH 3 OH 70%; C 2 H 5 OH: 2.4 ~ 5%; C 3 H 7 OH: 
5,6 - 10 %; C 4 H 9 OH: 13 ~ 15%. Dua true tie'p san phim nay pha vao xang. Cdng ty Lurgi da 
co cdng nghe tdng hqp a ap suit 50 ~ 100 at; nhiet dd 290°C; ty 16 H 2 /CO trong khi tdng 
hqp = 1 duqc loai nhifen lieu methanol co thanh phin: 


ch 3 oh 

53,5% 

c 2 h 5 oh 

3,9% 

c 3 h 7 oh 

6 , 2 % 

C 5 H n OH 

3,2% 

C 6 H 13 OH 

14,8% 

h 2 o 

0,3% 


C 6 the true ti£p sir dung lam nhidn lieu. 
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